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ADVANCED MATERTALS

Laser Inductive Reaction by 03 Laser

43067600a Tokyo DAINANAKAI HIKARI GA KAKAWARU SHOKUBAI KAGAKU SHIMPOJIUMU in
Japanese 30 May 88 pp 1-2

[Article by Maka Kawai, Yoshiko Tsuboi, and Kazunori Tanaka, Institute of
Physical and Chemical Research: 'Research on Laser Inductive Reaction on
Oxide Surface (Mechanism of COy Laser Inductive Reaction)'"]

[Text] We tried to carry out a CO2 laser inductive reaction test on the
surface of a solid and studied its reaction mechanism by investigating the
reaction behavior on the surface.

We have already clarified the reaction mechanism of an 02 laser inductive
reaction for CDF3 on a SiO9 surface. Two reactions occurred simultaneously
in the course of the experiment. One is a photochemical reaction charac-
terized by the generation of OD and CF species. This is caused by the
excitement of CDF3, which is physically adsorbed on the SiO) surface. The
other is a thermal desorption reaction on the OH surface group produced by
the excitement of the SiOj.

In our research, we tried to produce a COp laser reaction in a similar
manner, using TiOy as its reaction substrate.

We prepared a test piece by coating a NaCl sheet (20 mm in diameter) with an
ethanol suspension of TiOy (Aerosil P25 ca. 50 m2/g) sprayed from an atomizer.
The test piece was put into an infrared cell where it was heated for 4 hours
at a temperature of 410°C, using about 30 Torr of oxygen. We then attempted
to discharge the oxygen for about 1 hour in its heated state, then cooled it
down to room temperature. A reaction gas (CDF3, NH3) was introduced into

the test piece after the pretreatment and the test piece was irradiated with
a TEA COy laser (Lumonica 103-2). Next, we tried to observe the surface
generation species using the infrared transmission method (NICOLET FT-IR 5DX)
after the discharge of the air phase portions.

When we attempted to introduce CDF3 (10 Torr) over the TiOj after the pre-
treatment and laser irradiation (971.93 em~1l), a new absorption by the CDF3
at 1209 cm~l and 1110 em~l. Figure 1 shows this infrared absorption
spectrum.
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Figure 1. IR Spectrum After Laser Irradiation of the TiO2 and CDFj3

The surface CFy species generation reaction is generated by the excitement
of either the physically adsorbed CLF3 or the air phase CDF3.

Figure 2 shows the relationship between CDF3 pressure and the generation of
CFy (ad). Here (a) represents the case where a laser light irradiates the
Ti0y surface in parallel. More specifically, it represents the CDF3
excitement reaction. Meanwhile, (b) represents the case where the excite-
ment is produced by vertical irradiation. In other words, it represents the
case where the physically absorbed CDFj contributes to a great extent. '
Figure 3 shows the effect of laser wave length on the generation of CDF3 (ad)
when an attempt is made to train the laser on the TiOs horizontally (a) and
vertically. The figure shows that the excitement of the CDF3 advances the
reaction in the case of horizontal incidence (a) while the excitement of the
physical absorbance of CDF3 becomes dominant in the case of vertical inci-
dence (b). At the same time, the reaction involving the excitement of
physically adsorbed species shows its secondary dependence on the intensity

of the laser.
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Figure 2. CDF3 Pressure Dependency on the Generation of CFy (ad)
(2) Laser irradiation of the air phase only.
(b) Laser irradiation of the TiO2.
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Figure 3. Dependency of Laser Wave Length on the Generation of CFy (ad)
' (a) Laser irradiation of the air phase only.
(b) Laser irradiation of the TiO;.

The CO laser excitement reaction of the CDF3 (ad) on the SiOp showed the
third dependence--intensity of the laser--while the surface reaction product

turned out to be CF (ad) and OD (ad).
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ADVANCED MATERIALS

Interaction of Water, Oxygen on Semiconductor Surface

43067600b Tokyo DAINANAKAI HIKARI GA KAKAWARU SHOKUBAI KAGAKU SHIMPOJIUMU in
Japanese 30 May 88 pp 24-25

[Article by Shinri Sato, Catalysis Research Institute of Hokkaido University:
"Interaction of Water and Oxygen on the Semiconductor Surface Subjected to
Light Emission"]

[Text] Introduction

The water or oxygen adsorbed on a semiconductor reacts with the electrons or
holes generated by the emission of light. It is thought that an OH radical
or the like is produced in the case of water, while O is produced in the case
of oxygen. Therefore, it is thought that some interaction (reaction) is
present when water and oxygen coexist. The interaction between water and
oxygen produced by increased light irradiation is associated with the
generation of oxygen due to the photooxidation of water. This phenomenon is
also interesting from the standpoint of studying the mechanism of the
interaction. In this experiment, we tried to obtain information about the
interaction mechanism between water and oxygen and the reaction mechanism
for the generation of oxygen from water by investigating the oxygen optical
isotope exchange reaction (00IE) and the oxygen optical isotope improved
equilibrium reaction (OIIE).

Experiment

Using TiO2 (merck, anatase) as a semiconductor, we tried to carry out a
reaction experiment within an enclosed circulation system. We spread 0.3 g
of TiOy all over a reactor with a flat bottom and degased at a temperature
of 200°C. We then tried to introduce a constant vapor pressure and 1809
(99 at.%) into the reactor and irradiated light from the upper part. We
carried out the irradiation through a UV-D33S filter (240-400 nm), using

a 500 W extra-pressure mercury lamp as a light source. We analyzed the
isotope distribution of oxygen with a mass filter.

Result and Examination

When TiO) is used as a test piece, neither the OOIE nor the OIIE occurs, if
the introduced vapor pressure is high. However, both the O00IE and OIIE can




be generated if an attempt is made to discharge the water during the air
phase and to retain only the adsorped water. Figure 1 shows that the OOIE
occurs at a temperature of about -26°C (1 Torr of vapor pressure and below)
when a part of the reaction system is cooled down to trap the vapor. 1In
this case, the OIIE can be produced as well, but its reaction speed is
much faster than that of the O0OIE. As indicated in Figure 2, the OOIE can
occur even when the test piece is heated to temperatures just above 60°C.
Increasing the temperature further accelerates the reaction speed.
Interestingly, however, the air phase oxygen fails to become an isotope

exchange equilibrium. In other words, the OIIE is very slow compared to
the OOIE.
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Figure 1. Oxygen Optical Isotope Exchange With 1802 and H2160 on Ti02 and
the Influence of Vapor Pressure
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Figure 2. Oxygen Optical Isotope Exchange With 1802 and H216O on Ti02 and
the Influence of Reaction Temperature

The oxygen optical isotope exchange will not occur when the vapor pressure
is higher. The reason may be attributed to the following factors:

1. Since water is strongly adsorbed to the TiOj surface, the oxygen cannot
be adsorbed.




2. The light generation electrons and holes react with the water selectively
and the reaction products fail to carry out the oxygen isotope exchange.

We tried to investigate the question of whether or not the optical
luminescence of the TiOj, to which water is adsorbed, will become extinct
(about 2 Torr) in order to see if the oxygen fails to absorb when the
water is adsorbed to the Ti0;. It was determined that the extinction of
light by oxygen is about 20 percent when the water is adsorbed, thus pre-
venting the adsorbance of the oxygen. Therefore, the adsorbance of the
oxygen on the TiOp is thought to be attributable to the failure of the
optical isotope exchange. Most interestingly, moreover, the optical
isotope exchange will not occur, although the oxygen is physically
adsorbed on the adsorption water and the adsorption water is considered
to be optically excited.

The reduction in the adsorption of water allows the oxygen to be adsorbed,
which can produce the optical isotope exchange. In this case, the oxygen
is optically dissociated in atomic shape and reacts with the water, thus
generating hydrogen peroxide, which is thought to play the part of
intermediary for the exchange reaction. More specifically, the reaction
process can be expressed by the following formulas:

190, + h* + e- - 2i%0 (a) 1)
190 (a) + H:'*0 = H2'*0''0 2)
H.'®0'*0 - '¢0 (a) + H.'*0 (3)
21%0 (a) - '%0, 1)

However, we have failed to obtain a concrete confirmation of the optical
generation of hydrogen peroxide on the surface of the TiOp, as far as our
research is concerned.

When a metal is loaded to the TiOp, the experiment will produce quite a
different result. More specifically, the OOIE can occur even if the vapor
pressure is high. Furthermore, 1602 can be generated at a speed equivalent
to or faster than 160 180 as illustrated in Figure 3. This result indicates
that the OIIE can occur later than the OOIE. However, the OOIE can occur
faster than the OIIE, if the vapor pressure is reduced. Figure 3 shows

the results obtained when Pt is loaded to TiO2, but the same result can be
obtained even if Au is loaded. Most important in this case is that the OOIE
can be generated while the OILE cannot. This suggests that the generation
of the OOIE is not attributable to the optical activation of oxygen.

When a metal such as Pt is loaded to the TiOp, the photodissociation of

water will occur, which is a well known fact. In other words, hydrogen is
generated by the reduction of water on a metal. But at the same time

oxygen is generated by the oxidation of water on the TiO2. The 1802 in the
air phase fails in the adsorbance since water is powerfully adsorbed on the
Ti0y. However, it is thought that the 1802 can be adsorbed on metals. Since
adsorption hydrogen atoms are present on metals, these atoms are oxidized by




the presence of oxygen and are turned into water. On the other hand, the
water is oxidized on the TiO2, thereby producing oxygen. This is the reason

why the 1602 is mostly generated. The chemical process can be expressed by
the following formulas:

H* + e~ = H(a) (5)
2H (a) + 1'0,(a) = H:%0.,(a) (8)
H2''0. (a) =~ H*0 + '°0 (a) (7)
2H (a) + %0 (a) -+ H:.'®O (8)
2H,1*0 + 4h* - '%0, + 4h*  (8)

Even when a metal is not loaded, the generation of 1602 will be increased
if an attempt is made to raise the reaction temperature. The reason for

this may be explained by the fact that an especially powerfully activated
site on the TiO9 plays a similar role to metals.

100, T T
dark

80 L e
g
(-3
£ o .
= .
g
S [ .
o 40 |5°2
g
& 20} ¥yt

o 1 [ 1 1
0 20 40 60 80

Time {(min)
Figure 3. Oxygen Optical Isotope Exchange With 1802 and H2160 on Pt/Ti0p

As discussed above, we have acquired some new information by investigating
the optical isotope exchange of water and oxygen. However, we have yet to
accomplish the purpose of our investigation into the oxygen generation

mechanism in terms of the photodissociation of water on the TiOp. This is

because the oxygen isotope exchange occurs in routes other than the oxida-
tion of water.
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ADVANCED MATERTALS

Optical Activation of Complex Catalyst

43067600c Tokyo DAINANAKAI HIKART GA KAKAWARU SHOKUBAI KAGAKU SHIMPOJIUMU in
Japanese 30 May 88 pp 38-41

[Article by Hiroshi Moriyama and Akira Yabe of the Chemical Engineering
Research Institute: "Optical Activation of Complex Catalyst Due to Optical
Excitement by Excimer Laser']

[Text] 1. Introduction

The excimer laser has demonstrated that it is possible to obtain a strong
monochromatic pulse light in the ultraviolet region. We have already
reported our attempt to effectively use this feature, which is based on
organic and synthetic chemistry, so that benz (cd) indazolel and

[polychis] azobenzen? may be generated efficiently with polymetric reac-
tion produced by the coupling between the molecules. In addition, we
discovered that irradiation by an excimer laser causes the chain reaction,
even in conditions where dehydrochlorination is generated by acrylicchloride
from 1.2 dichloropropane.l We have also reported the example of hydrogena-
tion,#% in which the light excitement from an excimer laser dramatically
activates the homogenous complex reaction and enhances the carbonyl produced
by way of the C-H coupling activation of the hydrocarbon.5 In this article,
we have also summarized the reaction of the homogeneous class-hydrogenation
produced by the light irradiation of an excimer laser. We would like to
defer discussion of the reaction associated with the C-H coupling activation
to another occasion.

In the field of complex catalysts, many attempts have been made to exglore
the highly efficient catalytic reaction produced by laser excitement.

To date, only a few examples of the reaction have been reported. Further-
more, its catalyst is limited only to the case of the metal carbonyl (CO)p,
which has a high optical reactivity. Accordingly, we tried to make a
comparative study of the catalyst activation by thermal reaction and by
light irradiation from a stationary light and by an excimer laser in terms
of the olefin class-hydrogenation reaction produced by the complex catalyst,
including the third grade phosphine or the like. As a result, we found out
that [RhH (CO) (PPh3)3] has a high optical catalytic activation. Once an
activation species is generated by the excitement of an excimer laser, the
residual effect of light irradiation can be observed without allowing the




laser irradiation to be lowered to the thermal reaction activation even if an
attempt is made to stop the laser irradiation. Furthermore, we would like to
report our discovery that the optical catalytic reaction can be produced by
laser excitement where the quantum yield exceeds 1.

2. Experiment

To carry out our experiment, we used an EMG 103 excimer laser (XeCl: 308 nm)
manufactured by Lamba Physiks Corporation. Its design is based on a pulse
repetition ranging from 1 to 100 Hz and an optical intensity of ca. 70
mj/pulse. We used a 4 x 1 x 1 horizontal quartz cell for the reactor. We
attempted to irradiate the light flux (ca. 0.8 x 2.5 cm) directly from the
laser. As for irradiation by stationary light, we used an outside
irradiation-type high-voltage mercury lamp (USHIO USH-500D). We tried to
cut the thermal region through the application of a water filter and a
RA-25S filter. We used a UV-25 filter in order to cut the light flux in the
ultraviolet region. Further, we attempted to reduce the light flux to about
1 cm in diameter, using a conex lens, and then irradiated the light flux. We
used an optical energy meter (Genter ED-500) to measure the quantity of light.
thus irradiated. We arranged for hydrogen gas to be supplied from a rubber
gas sphere into the reaction system, which was designed to meet the
deaeration requirements before being filled with gas. We attempted to carry
out the hydrogenation reaction at an ambient temperature and atmospheric
pressure. We attempted to analyze the products with GC (Shimazu GC-4C;
Thermon 1000) and to measure the conversion rate using an analytical curve.
A sample reaction: The RhH (CO) (PPh), which is dissolved in toluene, is
added to the toluene solution of ethylacrylate, which is its substrate,
using a syringe. The reaction starts while the solution is being vigorously
mixed. The catalytic density is 2.0 x 10-3 while the substrate density is
0.8 M.

3. Result and Examination

Figure 1 shows examples of the hydrogenation reaction of ethylacrylate,
which uses [RhH (CO) (PPh3)3] as its catalyst. The [RhH (CO) (PPh3)3]
indicates a high activation in the hydrogenation of a homogeneous system7

or in the hydroformyl, which was already discovered by Wilkinson. 1In addi-
tion, Strohmeier reported that the ultraviolet irradiation improved its
activation.d As clearly indicated in Figure 1, activation of the hydrogena-
tion reaction can be enhanced by irradiation from a high-voltage mercury
lamp. The activation can be further improved by irradiation from an XeCl
laser (308 nm) so that the conversion rate to ethyl propionate reaches 100
percent within 2 hours at frequencies of 1 Hz and 10 Hz. Irradiation at

100 Hz lowered the reaction speed to the level of the reaction activation
under irradiation from a high-voltage mercury lamp; it generated the deposit
of metal rhodium at the same time. If an attempt is made to irradiate the
laser light intermittently, it is now clear that the reaction activation
does not drop to the level of the thermal reaction activation, even when the
light is cut. This suggests that the high density catalytic activation
species generated by laser irradiation has a relatively longer life in the
system. '
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Figure 1. Time course of hydrogenation of ethylacrylate with RhH (CO) (PPh3)3
under thermal, high-pressure Hg lamp irradiation, and XeCl laser
irradiation (308 nm, 1 Hz); RhH (CO) (PPh3)3 (2.0 x 10-3 M) and
ethylacrylate (0.8 M) in toluene (3.2 mL). Note the enhanced dark
reaction observed during the interval photolysis. (V) unirradiated
reaction at room temperature; (®) under high-pressure Hg lamp
irradiation; (e) under XeCl laser irradiation (1 Hz); (o) under
XeCl laser irradiation (10 Hz); (A) under XeCl laser irradiation
(100 Hz); (@) under interval XeCl laser irradiation (1 Hz).

(—) irradiated period, (---) unirradiated period.

Figure 2 shows the density dependence of the catalyst [RhH (CO) (PPhj)3 on
the hydrogenation of ethylacrylate. The reaction speed increases linearly
until the catalyst density reaches about 1 x 10-10, However, when the
catalyst density exceeds that value, activation under the laser irradiation
can be fixed, if the contribution of the thermal reaction activation is
deducted. In other words, this signifies that the catalyst can absorb 100
percent of the laser irradiation light.

It is often said that the generation of nonsaturation ligand activation
species by optical desorption constitutes a key step in the catalyst cycle
under the optical catalytic action of the complex.9 It has also been clari-
fied that the high density nonsaturation ligand activation species is
generated by the irradiation of an excimer laser under the optical catalytic
action of a metal carbonyl complex catalyst. In fact, an extremely high
turnover speed or quantum yield is reported under the isomerization reaction

10




of orefinlZ where Fe(CO)5 or Cr(CO)g is used as a catalyst under the
irradiation of an excimer laser. It was also learned that excitement by
an exi%mer laser is quite effective even under the water gas shift reac-
tion.

1.5

CONVERSION / %/min

] 1 2 3 . 4 ]

(RAH(CO)(PPhg)5] / x 102 M

Figure 2. Dependence of the hydrogenation rate on catalyst solution concen-
tration under XeCl laser irradiation (1 Hz); ethylacrylate 0.8 M
in 3.2 mL toluene solution. '

Even with the hydrogenation of ethylacrylate the quantum yield is 2.4, thus
exceeding 1 under the optimum condition in which the pulse repetition is 1
while the catalyst concentration is 1 x 10-3 M. TFigure 1 clearly shows the
residual effect of the activation caused by the excimer laser. From this
residual effect, we assumed that the reaction cycle may follow the pattern
depicted in Scheme 1. Ford demonstrated that the CO ligand is subjected to
optical adsorption by the irradiation of light, thereby generating the
ligand nonsaturation species in terms of the complex, including carbonyl
ligands, according to the flashing photodissociation method that relates

to the Vaska-type complex.14 By irradiating the light of the Vaska-type
complex isolated from the Ar matrix, the CO ligand dissociation can be
confirmed.l5 Therefore, even in this system, it is thought that irradiation
from an excimer laser may dissociate the CO ligands as well. Furthermore,
since the phosphine ligands are generally subject to dissociation and
equilibrium in the catalyst dissolution, "RhH(PPh3)2" is assumed to be an
activation species. If an attempt is actually made to let the phosphine——
whose volume is 10 times greater--coexist in the reaction system, the
reaction speed dropped to about one-half.

hv
RhH(CO) (PPh3)3 ———+ RhH(PPh3); + CO (1)
RhH(PPhj) 3 #==F RhH(PPh3), ¢+ PPh;  (2)

11
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N
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Scheme 1. Proposed Scheme of Catalytic Cycle for Hydrogenation With
RhH(CO) (PPh3)3 Under Photoirradiated Conditions

Table 1 shows several hydrogenation reactions. The luminous energy
irradiated by a high-voltage mercury lamp is 170 mj/sec, which is an
actually measured value. Compared with 70 mj, which is the luminous energy
when the excimer laser is irradiated at 1 Hz, the number of irradiated light
quantums is greater, but the reaction efficiency is more favorable in the
latter case. As a catalyst, [RhH (CO) (PPh3)3] indicates a greater activa-
tion of hydrogenation reaction under the excimer laser excitement compared
with the Vaska complex [1rCi(CO)-(PPh3);] or the Wilkinson complex [RhCi

(PPh3) 3] .

Table 1. Excimer Laser Induced Photocatalytic Hydrogenation

catalyst precursor irradn. irrad. substrate solvent product

" conditions frequency b
{concn. M) Anm (energy, w3} (Hz) (concn, M) (st) - conv. (¥/h)
[Rhn(CO)(PPhS)J] L 1 ethylacrylate toluene 43.5 ethylpropionate
xwd) {0.8) (3.2)
L 10 62.2
L 100 26.7
H - . 26.2
0 - ’ 19.3
LRRH(CO)(PPh4) ) L 1 .8
(2.5 x 1074
[RhCl(PPh3)3] L ] 18.3
(2 x 1074
i) (CO)(PPha)z] L 1 11.9
(s xwh)
{RnH(CO)(PPH;)4] L 1 1-hexene toluene 47.7 n-hexane
(2 x w03 (0.8) (3.2)
/] - 17.9
L 1 2-propene-1-0] benzene 15.1 n-propanol
{0.8) (3.2)
D - 4.0

L, XeCl laser (308 nm) at 70 mJ per pulse; H, filtered high
pressure mercury lamp at 170 mJ per second, see text; D, dark
(thermal) reaction at room temperature.

12
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Polybenzoxazole is stable against heat of 400 to 500°C and has excellent
resistance to chemicals. The application of the film is under consideration
as an insulating film for a compound semiconductor such as gallium-arsenic,
and for a non-linear optical material which decreases the wavelength of
incidental light to one-half or one-third,

13382/9604
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FOR OFFICIAL USE ONLY

BIOTECHNOLOGY

Biotech Expert System Standardization

43066085 Tokyo SEMINAR ON STANDARDIZATION OF BIOTECHNOLOGY EXPERT SYSTEM in
Japanese Apr 88 pp 1-24 (Part I), pp 1-12 (Part II)--FOR OFFICIAL USE ONLY

[Two-day seminar with three papers each day on "Trends and Prospects of
Standardization of Biotechnology Expert System," held on 5-6 April 1988
under aegis of Kagaku Kogyo Nipposha]

[Excerpts] Part I (5 April 1988)--Future Policies on Biotechnology
Standardization, by Yasunari Wada, Industrial Standards Investigator,
Standards Department, Agency of Industrial Science and Technology, MITI

1. Basic Policies for Biotechnology Standardization

Because of remarkable technological progress in biotechnology, we are
witnessing nonuniformities in qualities of, lack of unity in indications of,
and differences in testing and evaluation methods for apparatus, equipment,
and reagents used in biotechnological fields. Apparatus, equipment, and
reagents are commonly basic to all the biotechnological fields. Therefore,
the sine quo non for full-scale commercialization of biotechnology is to
clarify concepts and assure easy comparative investigations, as well as to
establish "agreements," which are the bases for standardization, by unifying
terminologies, methods of indication, and methods of testing and evaluation.

However, standardization and establishing specifications must not be so
unreasonable as to impede the technological progress of biotechnological
fields. On the other hand, specifications themselves must not be such that
they cannot catch up with the technological progress or soon become
outdated, or have values set at too low a level (the so-called convoy
method) . ‘ »

In other words, it is necessary to timely execute the standardization of
biotechnological fields while closely examining the needs of
standardization, so that the standardization will function as a part of the
key organization of biotechnology industries and as a support base for
research and technical development. In the execution, it is important to
remember that basic parts should be standardized as soon as possible to
encourage free competition in that framework.

14
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2. Establishment of JIS Specifications Based on Long-Range Plan

The Standards Department of the Agency of Industrial Science and Technology
received a proposal from the Japan Industrial Standards Committee (JISC) and
in August 1986 drafted, by category, a long-range plan in which the schedule
for the establishment plans through FY89 were summarized.

3. Systematic Survey for Specification Establishment

It is necessary to standardize systematically the above-listed items for JIS
specification by connecting them in an organic fashion, instead of doing
each item individually. In certain cases, such as the activity measurement
methods for enzymes and the capability evaluation methods for apparatus and
equipment, experiment is needed to establish JIS specifications. Based on
these viewpoints, in FY87 we began the survey extending over several years
on the following two topics to gather basic information for establishing JIS
specifications.

3.1 Survey Concerning Standardization of Bioprocesses

This survey seeks to gather basic information for JIS establishment,
particularly for the below-listed items, focusing our attention on
bioprocesses from the stage of microbial culture and fermentation through
the stage of product isolation and purification. The information is
expected to become an important pillar for the future biotechnology
standardization (see diagram).

Instruments and equipment for bioprocess control

Fixing materials for biological catalysts and fixed biological
catalysts

Rapid automatic physical property measurements

Method of determining isolation and purification capabilities
Degree of air-tightness and method of measurement

Bioprocess reagents, such as culture solutions, and test methods
Sterility and method of measurement

Rapid measurement method for microbial leakage

= >

T QMmO O

3.2 Survey Concerning Standardization of Bioengineering

In June 1987, at the 13th Major Industrialized Nations Summit Conference
(The Summit) held in Venice, Italy, Japan proposed "The Human Frontier
Science Program" (Table 5), a large-scale international project
systematically to clarify the excellent functions of human and other living
organisms. In connection with this program, this survey aims to gather
basic information necessary for the standardization of terminology and
testing methods in bioengineering.

Specifically, standardization is scheduled for such key items as follow for
the promotion of R& in this field: standardization of concepts,
terminology and symbols concerning the brain, the nerve system, heredity,
generation, proliferation, differentiation, immunity, chemical responses,
material substances, energy exchange, and their leading support

15
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Table 1.

Ttemg To Be Standardized in Biotechnology Fields (48 items)?

Reagents, etc. to be standardized Previous reference standard Priority
1. Reagents:
Glucose isomerase A
Protease A
Lipase B
Cellulase B
Urease B
Glucose oxidase B
Papain B
Rennet B
B-Amylase JIS K 7001 (Industrial amylases) C
Hesperidinase c
Buffer solutions A
Culture media A
Restrictive enzymes c
DNA ligase c
Terminal transferase C
Reverse transcriptase C
Cell wall solubilizing enzymes B
2. Apparatus and equipment
Analyzer basic provisions JIS K 0117 (Infrared spectro- A
photometry provisions), etc.
Apparatus and equipment Drug law (sterility, sterile A
basic provisions operations) FDA, ISO 2037,
IS0 2851
Bacteria filters ASTM-F838-83, JIS Z 4812 A
(high function air filters
for radioactive aerosols)
Gas sterilizers Japan Pharmacopeia A
Thermal sterilizers A
Ultraviolet JIS Z 8811 (Method of measuring A
sterilizing ultraviolet rays)
Radiation sterilizers B
Sterile mechanical seals JIS B 2405 (Mechanical Seal A
Provisions)
Safety cabinets JIS B 9922 (clean bench) A
Filter plugs for culture A
test tube
Air filter plugs for incubator A
Petri dishes A
Micropipettes A
Centrifuges (including super- JIS T 1701 (Medical A
centrifuges) centrifuges)
Electrophoretic devices A
DNA synthesizers B
Cell storage vessels A
Clean benches JIS B 9922 (clean bench) A
[continued]
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[Continuation of Table 1]

Reagents, etc. to be standardized Previous reference standard
Liquid chromatography JIS K 0124 (high-speed liquid
packings and columns chromatographic analysis

provisions) ‘

3.

Microfilters (MF film)
Dialysis membranes
Ultrafilters (UF film)

Ion exchange films

Reverse osmosis films (RO film)
Glucose sensor

Uric acid sensor

Urea sensor

Lactic acid sensor

Biosensor provisions

Others
Terminology JIS Z 8122 (Contamination
control terminology)
Bio-experiment laboratory Japan Clean Air Association
systems Co., Ltd. (Guidelines for
clean room operation and
control) '

Priority

A

BEWWPEwP >

Remarks: Priority ratings are as follows:
A: Production volume is comparatively large and standardization is

desired soon.

B: Production volume is small, but standardization will be needed in

the future.

C: Production volume is small, requiring many experiments, and
standardization will be completed much further in the future as

compared to B.

Table 2. Biotechnology-Related JIS Specifications Established in FY87
(1) Glucose analyzers JIS K 0701
(2) Industrial glucose isomerase JIS K 7002
(3) Method of determining activity of industrial lipase JIS K 0601
(4) Plastic sterile Petri dishes JIS K 0950
(5) Autoanalyzer for total organic carbon (TOC) JIS K 0805

(Established on 1 March 1988)

17
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3. Biotechnology-Related JIS Specifications To Be (tentatively)
Established in FY88

(1) Biotechnology terminology

(2) Analytical methods for metals in high purity water

(3) Methods of counting the number of bacteria in high purity water

(4) Methods of measuring electric conductivity of high purity water

(5) Methods of determining total organic carbon in high purity water

(6) Membrane terminology

(7) Test methods for magnesium sulfate removal capabilities of reverse
osmosis elements and modules

(8) Test methods for isopropyl alcohol removal capabilities of reverse
osmosis elements and modules

(9) Standardization methods for water permeation capacity data for reverse
osmosis elements and modules

(10) Dimensions of microfilters

(11) Test methods for diffusion flow of microfilters

(12) Test methods for bubble point of microfilters

(13) Test methods for initial flow of microfilters

(14) Test methods for relative resistance recovery capability of
microfilters

(15) Test methods for potassium permanganate-reducing substances in effuse
from microfilters for pharmaceutical manufacturing

(16) Test methods for bacteria screening capability of microfilters

(17) Test methods for endotoxin blocking ability of ultrafiltration modules

(18) Test methods for bacteria blocking ability of ultrafilters

(19) Test methods for aerosol screening ability of bacteria-screening HEPA
filters

(20) Lactic acid analyzers

(21) Pushbutton type liquid microvolumeters

(22) Calibration methods for analytical liquid volumeters for chemical
analysis

Table 4. Biotechnology-Related JIS Specifications To Be (tentatively)

Established in FY89

L Test methods for chemical resistivity of microfilters

(2) Test methods for biological safety of microfilters

(3) Standardization methods for inorganic salt removal capability of
reverse osmosis elements and modules

(4) Test methods for sodium chloride removal capability of reverse osmosis
elements and modules

(5) Test methods for relative resistance recovery capability of
ultrafilters

(6) Test methods for filtration capability of ultrafilters

(7) Test methods for aerosol screening capability of depth filters for air

(8) Culture media for tissue culture (minimal required media)

(9) Industrial amylases (revision)

(10) 'Plastic containers for storage of frozen cells

(11) Biochemical oxygen demand (BOD) analyzers

(12) Chemical oxygen demand (COD) analyzers for water quality surveillance

18
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technologies; also protein measurement methods, test methods for artificial
nerve elements, and computer graphic expression methods for protein
stereostructures.

4. Need for Internationalization

It is thought that Japan must contribute internationally in the area of
biotechnology standardization to expand international technical exchanges
in biotechnology. However, for that purpose, cooperation among industry,
academe, and government, and, in particular, a positive posture by industry
are mandatory; greater cooperation in this matter is desired in the future.

Development and Standardization of Biotechnology-Supporting Apparatus and
Systems, by Michio Okuma, Supervisor, Bioindustry Laboratory, System
Business Department, Hitachi, Ltd.

1. Introduction

The object of this report is "machines and systems" within the
"biotechnology-support industries" which support biotechnology. The
realization that the quality of support apparatus and systems is vital to
the progress of biotechnology industries has been growing. There have been
surveys, research activities, and published reports. In addition, we have
had inquiries and visits of study groups from overseas. The author's
article, "Newest Technologies in Support of Biotechnology" was translated
and distributed by France'’s National Science Research Center (CNRS). This
is one indication of how strong overseas interest is in the apparatus and
systems.

I would 1like to discuss the development and standardization of
biotechnology-support apparatus and systems within the framework,
illustrated in Figure 1, which has been constructed as a means to understand
the relationship between biotechnology industries and biotechnology-support
industries, as well as the technological relationship between biotechnology
industries and their peripherally related industries. As we look at
interindustry relationships within this framework, in view of the wide range
of its applicable target areas and the greatness of its problem solving
capabilities, new principle-based biotechnology is expected not only to
develop biotechnology industries, in which biotechnology 1is directly
applied, but also to change technologically the styles of other industries
through permeation of its products. Among the biotechmnology industry
products which are expected to be used in other industries, are industrial
raw materials, such as proteins, polysaccharides, and useful substances with
complex chemical structures; enzymes, which act as biological catalysts in
production processes; and antibodies, which have an affinity with high
chemical selectivity. By using these products, chemical processes with
enzymatic reaction at room temperature and pressure, efficient purification
processes with antibodies, and the production of high quality products based
on the supply of greater quantities of stable useful substances, should
become feasible. Additionally, even the offer of a method to realize
technologies, using biological disequilibrium and cooperative phenomena,
becomes a part of the support region for biotechnology. It is also possible
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to understand, from this framework, the importance of biotechnology sdpport
industries and biotechnology’s relationship with other leading technology
industries in application of elemental technologies.

2. Issues Concerning Development of Support Apparatuses and Systems and
Examples of Countermeasures :

The DNA recombinant manipulation and cell fusion are the technologies which,
after investigating nature at the cellular or molecular level, try to create
a new organism by combining characteristics of two or more existing
organisms. Protein engineering tries to cause an organism to manufacture
a newly designed protein. Thus, today is the era of transition from
"rearing and fabricating" technology to "creating" technology through
biotechnology. Because biotechnology fields use newly developed bioscience,
technical progress is fast, and, because it is the "creating" technology,
the development competition is intense. Drastic acceleration to reduce the
time span from R&D through production to the application of the fruits of
development is desired, and apparatus and systems to support that must be
improved. On the other hand, because many biotechnology industries will
soon enter the production stage, there is a strong demand that the apparatus
and systems used in the industries be supplied at low prices.

We must develop the support apparatus and systems with consideration of
these two contradicting demands. Actually, however, to insure the
demonstration of full capability and the priority use of researchers, we
must first be able to cope with such issues as energy conservation,
automation of routine operations, improvement of the speed of operation, and
prevention of errors, and then we can realize products at low cost. For
this type of development of apparatus and systems, the knowledge of living
organisms is of course necessary, but also necessary is the technology to
be able to manufacture apparatus and systems equipped with high functions
at as low a cost as possible. Many apparatus and systems for biotechnology
industries have been developed and improved strictly to improve their
original technologies, but there are others that have used elemental
technologies, developed by and giving satisfactory results to other leading
technology industries. If one uses an elemental technology whose capability
has already been confirmed through practical use, one can save the cost of
developing the technology from scratch and can manufacture products which
are thoroughly dependable from the beginning. The comprehensive capability,
in a true sense, in the development of these apparatus and systems is how
many kinds of elemental technologies that can withstand practical use, can
one equip himself with. Indicated in Figure 1 are some of these elemental
technologies, which are in use in other leading industries and also applied
in the development of biotechnology-support apparatus and systems. To be
able to use these elemental technologies efficiently, it is desirable to
advance standardization with coordination among equipment as well as among
related fields concerning the interface with automated systems.

Shown in Figure 2 is a simplified flow of biotechnology activities from DNA
recombinant research through production. In addition to culture,

destruction, separation, extraction, and analysis, the main unit processes
include many processes unique to biological samples, such as sterilization,
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contamination prevention and elimination, and preservation. Figure 2 shows
apparatus and systems and the corresponding stages in the flow at which they
are used. Next, I shall analyze some examples selected from among the
apparatus and systems which have been developed through the use of elemental
technologies developed elsewhere.

(1) Colony Transfer Device

One of the important basic works in biotechnological research is to secure
a highly active microorganism which coincides with the research objective.
The work described below is being carried out to select one microorganism
that fits the research scheme from naturally occurring microbes, or from
those microbes which have received mutation treatment or DNA recombinant
manipulation. A properly diluted solution containing a microorganism is
sprayed over a flat kanten [agar-agar] culture medium in a petri dish, which
is incubated in an appropriate environment to form a colony of
microorganisms multiplied from identical parents and centered around a
bacillus. Previously, observers of such colonies, judging from their color
tone, shape, and size, manually selected and transferred them. Because so
much valuable labor and time of researchers were wanted to do the work, the
development of a device which automatically analyzes the appearance of
colonies, selects, and transfers them was desired to save energy and to
automate the operations. Upon analyzing the work involved, it was learned
that both the petri dish and the semiconductor wafer were circular in shape
with a diameter of about 10 cm, and they both underwent similar operations
in dealing with micro-sized substances on their surfaces. Thus, such
technologies as conveying, positioning, image processing, bonding, system
control software, and clean space maintenance which had already been
demonstrated successfully in a semiconductor manufacturing device, were
applied to the movement and positioning of petri dishes, the analysis of
color tones, shapes, and sizes of colonies on a petri dish, the three-
dimensional movement operation of a transfer needle, the control of the
total system, and the maintenance of clean environment. The applications
resulted in a colony transfer device capable of operating many hours with
reliability and stability. This device can automatically recognize the
appearance of colonies in the source dish (the dish in which colonies have
grown), automatically select a colony that fits a given set of conditions,
and automatically transfer it to a specified position in the object dish
(the dish to which a transfer is made) with high precision.

Initially, to screen natural organisms, the CT-2000 was developed to
recognize, select, and transplant colonies using an ITV (industrial TV)
color camera, next the CT-3000 was developed for monochrome recognition and
mass transplant management. With mass continuous handling as the objective,
the supply-demand volume of the disk is 504 sheets of the source. Further,
to respond to the replication process, on the object side, it is a formula
which is able simultaneously to set the dish which has four different
selected cultures.
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(2) Laser-Type Microinjector

The microinjection technology to insert a foreign gene into a culture cell
is one of the useful tools for research and development in an attempt to
clarify biological mechanisms and to manufacture useful products. It is
widely used in such industries as agriculture, cattle, pharmaceutical
manufacture, chemicals, and food fabrication. The Institute of Physical and
Chemical Research developed a new, extremely efficient laser method for gene
insertion. Hitachi, Ltd., then licensed the technology to develop the
commercial product, laser-type microinjectors. :

There were other methods to insert genes into a cell: one to chemically
treat the cell wall to make it more penetrable for insertion, and another
to manipulate a microneedle under a microscope for insertion. There were
problems with these methods, as they not only required expertise and
considerable labor but also tended to lower the emergence efficiency due to
cell damage. The laser-type device solved these problems and was able to
improve significantly the operability, processing speed, and manifesting
efficiency.

In this device the working laser and the pilot laser are coaxial to make the
irradiation spot visible, and the beam converges with the objective lens to
irradiate the living cell to open a minuscule hole. The sample cell is in
contact with a culture solution containing genes so that as soon as the hole
is created in the cell wall by laser, the genes in the solution are taken
inside the cell. The drilled hole then rapidly restores itself. There are
two modes in the laser irradiation method. One is called the pointing mode
thereby cells are depicted on a television monitor, desired irradiation
spots are marked with a light pen, and each cell is irradiated accurately.
The other mode is called the scanning mode whereby laser is emitted at a
constant pulse, and an X-Y stage on which the sample is mounted is moved to
a constant speed to cause the laser to irradiate in a high-speed scanning
fashion.

(3) Automatic Control Culture Device

The production capacity of each individual cell cannot be changed when
causing genetic recombinant microbes to produce a target substance. To
increase production efficiency, it is necessary to increase the bacteria
concentration in the culture solution and to perform at the proper time some
sort of emergence induction operation depending on the type of promoter
(specific sequence in DNA to initiate the emergence of genes) that is used.
Therefore, more sophisticated technologies than ever before are required for
the culture.

However, it is difficult to handle because the proliferation and substance
production of microorganisms are governed by many factors, and the most
important controlling factors, such as the microbial concentration and
product concentration, are difficult to determine in an on-line, real-time

fashion. For that reason, biological reactions, such as microbial

proliferation activity and metabolic production volume, are being analyzed

in detail and examined as important corresponding technologies. A high
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density automatic control culture device was developed based on the optimal
control method in the culture of yeast or genetically recombinant coliform
bacilli. 1In addition, data are being compiled for the establishment of a
sophisticated culture technology for the culture of genetic recombinant
bacteria or animal and plant cells.

Because we are here dealing with objects which are biological systems
consisting of nonequilibrium, nonlinear-type aggregates, we cannot perform
accurately with linear approximation or simple automation. For the
construction of a culture plant, tests with a commercial experimental
apparatus are frequently used to develop control software after confirming
the proliferation of a microbe and the production of a target substance and

understanding their characteristics through preliminary culture tests. For

software, the adaptation for an Expert System had been attempted, and the
subject was taken up by the recent symposium on "The Automation and
Intellectualization of Bioprocesses." 1In the symposium, requests were made
to use knowledge inductively integrated from knowledge gathered through
knowledge acquisition, but the computer software group expressed its view
that it would be difficult to carry out the inductive processing of
information with currently available computers. Thus, as the next best
scheme, the use of knowledge which had been developed deductively from
scientific laws was suggested. Here, scientific laws signify phase rules, .
thermodynamics laws, and the development of "swing" in a nonlinear system.
They are considered the result of information compression of nature's
physical and chemical characteristics. '

(4) Environmental Control System

In experiments with tissue culture or cell culture, bio-clean rooms and .
clean benches are used to prevent contamination by airborne foreign
microbes. Recently, through exchanges between the technology to clean air,
such as the laminar flow formation and filtration of air, and the special
air-conditioning technology used in the semiconductor manufacturing process,:
both of these technologies have improved.

To improve the efficiency of plant research, phytotrons (plant environmental
test devices), growth chambers, and plant acclimation devices have been
developed. These are systems by which any environment conditions to suit
research purposes can be created by automatically controlling such
conditions as air flow, lighting, temperature, and humidity, taking
advantage of environmental technologies, such as air-conditioning and dust .
collecting, and computer-applied control technology.

In plant tissue culture work, called [MERIKURON], the collection of growth
points is conducted in a clean bench and the culture processes are carried
out in a clean environment. By acclimating seedlings grown in an artificial
environment prior to planting in paddy fields, the yield of healthy
seedlings has improved. ‘
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3. Issues Concerning Standardization

It is said that biotechnology industries are moving into the manufacturing
stage. Any new function-equipped biotechnological products, if they can
demonstrate those targeted capabilities, should naturally be accepted as a
commercial product. That has been proven by the growth in the last 2 to 3
years of the commercialization of diagnostic drugs. If biotechnological
industries enter the manufacturing stage, make a profit, and reinvest a part
of the profit, then it is expected that the demand for the apparatus and
systems will expand. The resource allotment by the equipment manufacturer
to the development of biotechnological apparatus and systems will increase,
and, in turn, the possibility to develop and/or improve new equipment will
become greater. To prepare for that situation and to achieve
industrialization in an organized fashion, an attempt to establish JIS for
biotechnology is being made after the suggestion by Chairman Suzuki of the
Biotechnology Special Committee, JISC, to proceed with the standardization
as the first step. Also, a separate survey has been conducted by the
Bioprocess Standardization Feasibility Survey Committee (chairman: Takahisa
Ota), as commissioned by the Agency of Industrial Science and Technology
(AIST). I shall discuss several issues involved in the standardization of
the bioprocess off-line instrumentation equipment which have evolved during
the survey.

Because the bioprocess deals with so many different types of objects, such
as various kinds of cells, proteins, and secondary metabolites, it uses
wide-ranging equipment with wide-ranging requirements for characteristics
and materials. Examples of equipment are listed below.

. Pretreatment Devices: samplers, cell smashers, homogenizers, centrifuges,
ion exchange columns, filters, separatory chromatographs, pretreatment
automation (laboratory robots, cylindrical coordinate systems, and
perpendicular coordinate systems), safety cabinets, clean benches,
incubators, vibrating incubators, and high-pressure steam sterilizers

. Analyzers: pH meters, glucose analyzers, amino acid analyzers, liquid

chromatographs, affinity chromatographs, refractometers,
viscosimeters, spectrophotometers, gas chromatographs, electrophoretic
apparatus

. Apparatus: pushbutton-type liquid micropipettes, stirrers, heaters (water
baths, metal blocks), discoloring agents, reagents, solvents,
analytical standards

According to the book, "Japan’s Industrial Standardization,” edited by AIST,
the purposes of the current standardization are: 1) mutual understanding;
2) safety, health, and environment; 3) common feature and
interchangeability; 4) compatibility with use objective; and 5) limitation
on varieties.

The standardization needs to move forward in reference to these purposes.
The following are a summary of standardization issues common to all the
above-listed examples.
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Performance:

« Is specified quantity of material or energy supplied correctly?
(Adhesion to the point of an injection needle, dead space, adsorption
to liquid-contacting surfaces, temperature uniformity, supersonics,
and torque)

+ Range capabilities of analyzers

« Countermeasures against negative situations (countermeasures and
regulations against and indications of loss of control of temperature,
noise level, misting, and heating)

Material quality:

« Adsorption, hydrophobicity, hydrophilicity, electric surface
potential (filter, discoloring and tubing materials)

 Degree of purification (column packing material)
. Insulative characteristics (air permeability and elasticity)
Operation

o Automation and material selection to suit experience of operator
(safety guarantee and problems of maintenance/corrosion)

+ Interchangeability (liquid chromatography, centrifuge, "connection”
between automated lines)

Response to new product and/or new use:

« New method (cell smashing/suspension jet)

» New use (viscosimeter/feed-batch culture)

Others:

« Because of the improvement in the concentration by liquid
chromatography and the sensitivity of analyzers, microquantities of
fluorescent substances in solvents, microquantities of impurities in

pure water, and even organic residues adhering on test tubes have
begun to cause problems.

Future View

A committee of BIDEC (Bioindustry Association) published a report on the
future outlook for biotechnological supportive apparatus and systems. It
discusses the technological analysis of the living body, future images of
living species, and apparatus and systems. It points out that the following
fields and equipment should draw attention because of expected future
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progress: the design of proteins (protein engineering), the use of the
minimally required portion of biological materials, the stabilization
mechanism of biological systems, and the cranial nerve system as target
fields; nonaqueous bioreactors, noninvasive instrumentation, affinity
chromatography, animal cell culture to approach the cell density level equal
to the density in the living body, the light-independent nutrient culture
of plants, and optical fiber-applied sensors. With any of these items there
are problems to be overcome by future development. However, if realized,
they are expected to contribute significantly. As we push forward to
achieve standardization, these are good reference points for our long-range
planning. '

Standardization of Key Biotech-Related Technologies and Its Prospects--
Automation and Intellectualization of Bioprocesses, by Isao Endo, Chemical
Engineering Laboratory, Institute of Physical and Chemical Research

1. Introduction

Not just bioindustries but all industries in Japan today confront an
extremely severe social environment. For instance, there is the world
economy, the increase of aged workers, the increase of female workers,
informationization, and the technological revolution. These environmental
elements, while affecting each other, are undermining current society.

The purpose of this brief presentation is to discuss why the automation and
intellectualization of bioprocesses are necessary with the background of the
above-mentioned social environment. During the course of the discussion,
I would like to point out the importance of the standardization of key
biotech-related technologies, i.e., the standardization of bioprocess-
related drugs, apparatus, devices, and measurement methods.

2. Social Environment Surrounding Bioindustries

Many mass media are reporting in detail the current social problem
confronting Japan. When these problems are sorted from the industrial
standpoint, we have, as pointed out earlier: 1) the world economy; 2) the
increase of aged and female workers; 3) informationalization; and

4) technological revolution.

"World economy" means that the Japanese must sincerely realize the position
and the role of Japan’s economy within the world economy in the flow-and-
stock of materials, such as money, raw materials, products, energy
resources, and information. In 1979, OECD announced its forecast for the
near future through the year 2000 and four scenarios for the new world
order. The scenarios are: 1) advanced industrialized nations continue fast
growth; 2) advanced nations continue slow growth, such as in the post oil-
shock era; 3) the north and the south are disunited; and 4) major advanced
nations assume new protectionism and tripolar monetary systems are realized.

For each of the scenarios, swings of GNP per capita in various regions were
examined. Nishikawa's view is, "Perhaps it will be desirable for the more
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peaceful world of the 21st century to move toward a loose world federation
via the tripolar independent systems."

In this process of transition of the world economy, Nishikawa lists Japan'’s
projects as follows: 1) to increase domestic demand through the combination
of the expansion of national life-related social overhead capital, the
increase of real wages, and the reduction of working hours; 2) to develop
and revitalize local areas; 3) to strengthen human rights; and 4) to
strengthen pacifism and antinuclear movement.

Strengthening human rights, as Nishikawa pointed out here, contains
extremely complex problems. As I discussed in the beginning of this paper,
the increases of aged and female workers are naturally related to the
strengthening of human rights. Right now, I choose very simply to discuss
aged and female workers.

I believe that in the future, Japan's industries cannot ignore the wisdom
and knowledge of the aged nor the sensitiveness and perseverance of women.
Conversely, the aged lose reflex and athletic capabilities. Women are apt
to spend too much time making up their minds because they worry about too
many things. To realize the automation and intellectualization in the
industrial workplace by maintaining their strengths and improving their
weaknesses, it will probably be more necessary than ever to develop an
expert system including intelligent robots, operation support, and decision
making support.

Next, I will discuss informationalization. Informationalization is the
transition of a society toward the following situations: 1) "the
industrialization of information" represented by news media and the data
base; 2) "the informationalization of industries," such as office
automation and factory automation; 3) "the informationalization of
individuals and households,” such as home security and home shopping; and
4) "the informationalization of society,” such as government information
services.

This presentation’s main topic, the automation of bioprocesses, is closely
connected especially with "the informationalization of industries." 1In
other words, both informationalization and to-be-discussed technological
revolution will certainly promote interindustrialization by removing the
previous barriers between primary and secondary industries.

Technological revolution is not limited to biotechnology. It is the
revolution of products, processes, and management in many fields called
pioneering technologies, such as material engineering, computer technology,
and communications technology. These technologies, while having ripple
effects on each other, are gradually affecting a business upturn in the
world economy. As far as the relationship between business fluctuations and
technological revolution in the world economy, please refer to the
commentaries by Uchida and Katsura. For the technological revolution in
biotechnology, please read my comprehensive commentary.

31
FOR OFFICIAL USE ONLY




FOR OFFICIAL USE ONLY

3. Automation and Intellectualization of Bloprocesses

The "automation" here does not mean the "automation,” as previously used,
in the mass production of a few products to pursue economy of scale. It may
be said that the "automation" in the traditional sense has been completed
in almost every industry with the progress of computers.

Today, the market demands multiproduct small volume production as well as
multiproduct mass production. For an enterprise to respond to such market
demand and to survive, there is no doubt that it must improve its previous
production system. Awane points out the following policies: 1) the
reduction of indirect cost; 2) the reduction of direct cost (products,
labor, and parts); 3) the reduction of delivery time (the increase of gross
sales); and 4) the increase of sales price.

The relationships of these policies to the rationalization objectives are
illustrated in Figure 1. 1In the 1960s business effort was mainly directed
from production averaging to parts standardization; in the 1970s it was from
equipment automation to the improvement of inventory accuracy. Awane has
predicted that in the 1980s the business rationalization will advance from
mixed production to new product exploitation, and he is about right.

The very technologies demanded during the course of these industrial efforts
are factory automation (FA), the flexible production system (FMS),
robotization, and the movement toward CAD/CAM/Database. Also, not only
"automation," but the intellectualization of processes (expert system,
learning technology in Figure 1) is also demanded.

Let us turn to bioindustries. Needless to say, the foundation of
bioindustries lies in bioprocesses in the production line. Bioprocesses
are: 1) raw materials storage and preparation processes; 2) bioreactor

processes; 3) product isolation and purification processes; 4) environment
preservation processes; and 5) evaluation processes, which inspect and
control all the above process systems.

Here, bioreactor is the technology that produces, by the processes, medical
treatment and welfare, foods, resources and energy, drugs and agriculture
chemicals, industrial chemicals, and environmental preservation. In this
process, the technology starts the production with such inputs as raw
materials, energy, management and market information, and uses various
biological materials (biological elements), such as animal and plant tissue
cells, industrial wuse microorganisms, enzymes, biological membranes,
artificial enzymes, and artificial cells. In particular, the fact that
various functions of biological materials can be modified or improved at
will at the gene level, is the reason why it is called revolutionary
technology. That concept is diagrammed in Figure 2.

To automate the above-mentioned bioprocesses, one must first of all think
about the clarification for the framework of a process system. Naturally,
the framework varies depending on the type of product, the biological
materials to be used, raw materials, energy, and market information, but our
discussion cannot begin without establishing the framework.
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Secondly, process variables and control variables must be determined. In
other words, one must ask oneself what must be measured to check correctly
the state of a process and what must be controlled so that a process can be
manipulated normally and safely. For example, in a bioreactor process
mainly involving fermentation, the author and his colleagues thought that
variables listed in Table 1 should be determined and controlled, and
eventually developed an automatic monitor-control system, which does just
that.

When you glance through Table 1, you will probably come up with many
questions, such as why those variables are targeted, what kind of
capabilities do those sensors possess, and how long they can be used. 1In
fact, answers to these questions are the standardization of bioprocesses.
In 1987, as commissioned by the Textile Chemical Specification Section,
Standards Department, Agency of Industrial Science and Technology, MITI,
"Survey Committee Concerning Standardization of Bioprocesses" (chairman,
Takahisa Ota, professor, Tokyo University) was inaugurated. The committee
is conducting survey research for the standardization for the following
eight items: 1) interchangeability of management instrumentation and
devices for process control, e.g., biosensors; 2) interchangeability of
enzyme fixing agents; 3) rapid, automatic physical property measurement
methods; 4) rapid determination methods for separation and purification
capabilities; 5) standardization and measurement methods for airtightness;
6) standardization and measurement methods for bioprocess reagents such as
culture solutions; 7) standardization and measurement methods for
sterility; and 8) rapid measurement methods for microbial leakage.

Let us now go back to our main topic. The author thinks that the most
serious bottlenecks for the automation and intellectualization of
bioprocesses are the lag in the characterization of biological materials as
well as the conversion of that information into database. Here, data mean,
not the literature, but the type of data expressed in numerical values or
as pictorial images. They are the data which users can access freely in
real time at any time and at any place. These are called fact data.

They are, for all bioprocesses: 1) data on raw material for the preparation
of culture media; 2) data to diagnose any process abnormalities; 3) data
to allow feed-forward control of separation and purification processes;

4) data for production control, such as a production plan, a loading plan,
and an operation plan; and 5) data for production cost control and quality
control.

A system that receives and controls such fact data on bioprocesses is called
a bio-database.

To promote the standardization of bioprocesses, an expert system is required
which allows the active use of such databases on the production floor. As
I have already mentioned repeatedly, in bioindustries, where the objective
is multiproduct small-volume production or multiproduct large-volume
production, the previous rigid, program-regulated production system is no
longer important. Rather, it is important to have flexible operation and
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Table 1. Standardization of the Bioprocess Parameters for Monitoring

Items Commonty used BIOACS
Temperature (@] O
Pressure O O
pH-value O O
D. 0. ®) o
Airation rate e (o]
Agitation speed O o
pO, in (@) o)
Monitoring PO; out O O
‘ pCO; in O O
pCO,; out O O
Working volume (@) O
Torque O O
Turbidity x © on-line
Product concentration X © on-line
Substrate concentration X © on-line
Specific rates X © on-line
Temperature O © optimal control
Pressure O Q setpoint control
, pH-value O © optimal control
_Controlling p0, in ®) O setpoint control
Airation rate O O setpoint control
Agitation speed O O setpoint control
Feed rate O © optimal control
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manipulation of processes by making good use of the experience and wisdom
of skilled workers on the production floor.

Illustrated in Figure 3 is the conceptual diagram covering both database
system and expert system which we have been considering. Our system
consists of the biotron as a fact generator, the analytical laboratory, the
biological reaction operation supportive expert system (ESCO) to supervise
and control the analytical laboratory, the expert system (BEXS) to support
or diagnose abnormality of running and handling of a factory, and the bio
database system (BDBS) to store all fact data and past records.

Part II (6 April 1988)--Technical Trend of JIS Establishment and Summary of
Analytical Chemistry Department Meetings, by Suichi Suzuki, Professor,
Saitama Institute of Technology, and Professor Emeritus, Tokyo Institute of
Technology

Need for standardization

Examples of equipment used in recombinant DNA research
Examples of equipment used in cell fusion research
Examples of equipment used in cell culture research
Biotechnology-related items to be standardized
Problems of biotechnology-related JIS specifications
Outlook for future research topics

~Novun B

The need for standardization

Simplification: form, size, and grades for materials, parts, and
products--specifications

Specialization: limitation of wvarieties, production, and supply
process--distribution rationalization

Technologies under development--guidelines for basic items
Draft preparation--information collection and revision
The objectives of items
Basic items
Use frequency
1) Enzymes: production volume, activity evaluation method
2) Equipment: capability evaluation
3) Laboratory system: environmental safety
4) Terminology

Approaches to establishment of specifications

1) Active use of available data and actual results
2) Unpublished data--survey research
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Incomplete technologies--data collection--framework building--
rev151on

Examples of equipment used in recombinant DNA research
Cell smasher
Sterilizer, cooled centrifuge
Chromatographic separation device
Electrophoretic device

UV-lamp photographic device
Densitometer

(3) Constant temperature layer
High-speed microcentrifuge
Density gradient preparation separation device
Liquid scintillation counter
Deep freezer
(4) Incubator
(5) Supersonic smasher
(6) Safety cabinet
(7) Turntable
(8) Amino acid analyzer
High-speed liquid chromatograph
‘ (9) Nucleic acid synthesizer
(10) Electron microscope
(11) Jar fermenter
Continuous centrifuge
Examples of equipment used in cell fusion research
(1) Autotable
Cold box
Carbon dioxide incubator

(2) Phase contrast microscope

|

|

|

|

Heated vibrating incubator
\

‘ (3) Turntable
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(4) Agar plate preparation device
(5) Colony counter
(6) Affinity chromatograph
Fluorescence spectrophotometer
GC-MS
NMR
IR
Examples of equipment used in cell culture
(1) Clean bench
Freezer
Cell filtration device
Equipment cleaning device

(2) Multitray culture device

Constant temperature incubation room
Micromanipulator

(3) Tank culture device
(4) Cold room
Gas chromatograph
Fraction collector
Freeze-dryer

(5) Revolving vibrating incubator

Instrumentation system
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Table 1. Biotechnology-Related Items To Be Standardized

l. Reagents

Main appli- Draft

Target for cation Available prepa-

standardi- technology reference Prior- Main specifi- ration

zation field standard ity cation items method

Glucose Enzyme, A Impurities, activity, Mainly by

isomerase microbe- half-life, activity using pre-

applied measurement method, vious data
technology item to be indicated

{supply source, type

of carrier, use con-

ditions, and activity)

Protease A Impurities, activity, Broad
activity measurement  survey
method, storage research
method, items to be is
indicated (supply necessary
source, use conditions,
and activity)

Lipase B Same as above Same as

above

Cellulase B Impurities, activity, Same as
half-life activity above
measurement method,
storage method, items
to be indicated (supply
source, carrier type,
use conditions, and
activity)

Urease B Same as above Mainly
by using
previous
data

Glucose oxidase B Same as above Same as
above

Papain B Impurity, activity, Same as
activity measurement  above
method, storage method,
items to be indicated
(supply source, use
conditions, and activity)

[continued]
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[Continuation of Table 1]

Main appli- Draft
Target for cation Available prepa-
standardi- technology reference Prior- Main specifi- ration
zation field standard ity cation items method
Rennet B Same as above Broad
survey
research
is
necessary
B-Amylase JIS K 7001 C Same as above Mainly
industrial by using
amylase previous
data
Hesperidinase C Same as above Same as
above
Buffer Artificial A pH range, effective-  Same as
solution mutation- ness, storage method, above
applied and items to be
technology indicated
Culture A Components, storage Same as
medium method, and indica- above

tion items

Restrictive Recombinant c Impurities, activity, Broad
enzyme DNA-applied activity measurement  survey
technology method, and indica- research
tion items (supply is
source, use condi- necessary

tions, activity)

DNA ligase C Same as above Same as
above

Terminal c Same as above Same as
transferase above
Reverse c Same as above Same as
transcriptase above
Cell wall- Cell fusion B Purity, activity Same as
solubility technology measurement method, above
enzyme activity indication

method, and storage

method

[continued]
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Main appli- Draft
Target for ' cation Available prepa-
standardi- technology reference Prior- Main specifi- ration
zation field standard ity cation items method
Basic Common JIS K 0017 A Types of analyzers, Mainly by
provisions IR spectro- capabilities (scope using pre
for photometer of measurement, re-  vious
analyzers provisions producibility, zero data
drift), design, cali-
bration, and
maintenance storage
Basic pro- Pharmaceuti- A Structure of connect- Same as
visions for cal Affairs ing parts such as above
equipment Law (steril- tubing, dimensions
ization, (interchangeability,
manipulation, tamari)
FDA, 1S0-2037,
IS0-2851
Microbial ASTM-F-838-83, A Outer dimensions, Broad
filters JIS Z 4812 specified flow survey
(high-capacity volume, collection research
air filter for efficiency, initial is
radioactive pressure loss, pres- necessary
aerosol) sure deformation,
airtightness, micro-
bial removal effi-
ciency, and filter
pore diameter
Gas Japan Pharma- A  Form, sterilization Same as
sterilizers copeia mode, use temperature above
and humidity, reagent
concentration and
pressure, and construc-
tion material for
pressure vessel
Thermal A Form, sterilization Same as
mode, use temperature, above

sterilizers

pressure, and high

pressure safety device
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[Continuation of Table 1]

Main appli- Draft

Target for cation Available prepa-

standardi- technology reference Prior- Main specifi- ration

zation field standard ity cation items method

uv JIS Z 8811 A  Form, dimensions, Same as

sterilizers (Sterilizing applications, struc- above
UV measurement ture, irradiation time,
method) irradiation distance,

UV intensity, and
sterilized effects

Radiation B Form, dimensions, Same as
sterilizers applications, struc- above
ture, safety, radia-
tion dosage, time, and
sterilization effects

Sterile JIS B 2405 A Sealing method, leak- Same as
mechanical (Mechanical age, stability, above
seals seal provisions against motion, struc-

ture, and dimensions

Safety JIS B 9922 A Airtightness, exhaust Same as
cabinets (Clean bench) mode, dimensions, above
cleanliness, and type
of filter
Filter plugs A Dimensions, construc- Same as
for culture tion material, venti- above
test tubes lation level durabil-

ity, temperature, life,
and cleanliness

Air filter A  Same as above Same as

plugs for above

incubators

Petri dishes A Dimensions, construc- Mainly
tion material, dura- by using
bility, and tempera- previous
ture data

Micropipettes A Form, structure, frac- Broad
tional addition survey
volume, addition research

precision, reproduci- is
bility, materials for necessary
construction, and
indications

[continued]
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[Continuation of Table 1]

Main appli- Draft
Target for cation Available ‘ prepa-
standardi- technology reference Prior- Main specifi- ration
zation . field standard ity cation items method
Centrifuges JIS T 1701 A Structure, dimensions, Same as
(and super- (Medical capability, and indi- above
centrifuges) centrifuge) cations
Electro- Electric source part Mainly
phoretic (output stability, by using
devices antiexplosion struc-  previous
ture that can go in data
and out of low-
temperature room),
electrophoretic bath
(size, thickness, gel
material, preparation
method, and ready-made
gel
DNA Recombinant Yield at each step, Broad
synthe- DNA-applied required amount of survey
sizers technology reagent, reagent sta- research
bility, and purity of is
synthesized DNA necessary
Cell stor- Large volume Freeze-use culture Mainly
age vessels cell culture medium, construction by using
technology material of vessel, previous
structure, and method data
if freezing
Clean JIS B 9922 Sidewall material, Broad
benches (Clean bench) air filter, and struc- survey
ture of exhaust research
system is
necessary
Packing Separation JIS K 0124 Type, applications, Same as
materials and purifi- (HPLC analysis particle size, parti- above
and columns cation provisions) cle size distribution,
for liquid technology column dimensions
chromato- for micro- (inner diameter, length),
graphy quantity elution method or screw
biological dimensions, column capa-
materials bilities (number of
theoretical steps, criti-
cal molecular weight for
elimination)
[continued]
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[Continuation of Table 1]

Main appli- Draft
Target for cation Available prepa-
standardi- technology reference Prior- Main specifi- ration
zation field standard ity cation items method
Micro- A Material, shape, dimen- Same as
filters (MF) sions; and membrane above
membranes) performance (water
diffusivity, pressure
resistance)
Dialysis A Material, shape, Same as
membranes dimensions, thickness, above
and membrane perform-
ance (segregating
molecular weight,
diffusion coefficient)
Ultra- A Material, shape, dimen- Same as
filters (UF ’ sions, and membrane above
membranes) performance (segregat-
ing molecular weight,
water diffusivity,
separation ratio, pres-
sure resistance, and
chemical resistance)
Ion Separation B Material, shape, dimen- Same as
exchange and purifica- sions, and membrane above
membranes  tion technol- performance (type of
ogy for micro- exchange radical,
quantity bio- charge density of
logical mate- exchange radical, ten-
rials sile strength, ring
ratio, and diffusion
coefficient
Reverse B Material, shape, dimen- Same as
osmosis sions, and membrane above
membranes performance (diffusion
(RO coefficient, separation
membranes) ratio, pressure resis-
tance, chemical resis-
tance)
Glucose Biosensor A Response sensitivity Mainly
sensor technology of device system, re- by using
sponse time, selec- previous
tivity, use life, and data
use conditions (solu-
tion, sample) [continued]
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Continuation of Table 1]

Main appli- Draft
Target for cation Available prepa-
standardi- technology reference Prior- Main specifi- ration
zation field standard ity cation items method
Uric acid B Same as above Broad
sensor survey
research
is
necessary
Urea sensor B Same as above Same as
above
Lactic acid B Same as above Same as
sensor above
Biosensor B  Method of construction Same as
provisions (adhesivity between above
film and electrode),
structural factors
(fixing film)
3. Others
Main appli- Draft
Target for cation Available prepa-
standardi- technology reference Prior- Main specifi- ration
zation field standard ity cation items method
Terminology JIS Z 8122 A Terminology for Mainly by
(Contamina- enzyme activity, sub- using pre-
tion control strate properties, vious data
terminology) fixing method, fix-
ing yield, relative
activity, biosensor,
safety cabinet,
clean bench
Biolabora- Environment Japan Clean A Air flow pattern, Broad
tory system Alr Associa- air velocity, air survey
tion Co. pressure, air clean- research
(Guidelines liness, temperature, is
for clean humidity, pressure, necessary

room opera-

tion and
control)

sealing method, and
microbial remcval
efficiency
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Topics for Future Evaluation

Table 2.
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Enzyme/microbe-applied technology:

Artificial mutation-applied technology:

Recombinant DNA-applied technology

Cell fusion technology:
Cell mass-culture technology:

Protein-engineering-related technology

Separation/purification technology for
Microquantity biochemical
substances: ‘

Biosensor technology:

Common items:

Lipase, cellulase, glucose
oxidase
Urease

Air filter lug, ultrafilter
membrane

DNA synthesizer, restrictive
enzyme

Cell wall solubilizing enzyme
Filtration sterilization device
Clean bench

Synthetic nucleic acid

Separation base material, Column
performance, various separation
membranes

Sensors for uric acid, urea, and
lactic acid

Environmental protection equipment
(ultraviolet and gas sterilizers)

Purification of Enzymes and Proteins and Establishment of Standardization
Specifications, by Norio Okuyama, Professor, Biochemistry Section, Science

Faculty, Tokyo Municipal University

1. Introduction

Domain of biosciences (biotechnology, bioindustries)

What is science?

(Time-space coordinates)

Elements constituting living body and elements constituting the earth

2. Polymeric substances constituting cells

Informational polymers
Control polymers

Structural and metabolic polymers

3. Systematic analysis of proteins

Distribution

QW W

.1

.2 Extraction method, purification method, and purity
.3 Storage method--sterilization method
el

1 bank, DNA bank, protein bank
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4, Artificial proteins

1 Protein engineering

2 Chemical synthesis of protein

.3 Chemical modification of protein
4 Artificial cells

5. Fixed enzyme or protein

1 Fixing materials

2 Fixing methods

.3 Bioreactor

4 Affinity chromatography packing material

6. Specification-established proteins and fixed proteins
7. Conclusion

Standardization and Problems of Separation Membranes, by Haruhiko Oya,
Material Engineering Section, Engineering Faculty, Yokohama National
University

1. Nomenclature Concerning Membrane Separation Methods

First, I will briefly explain the nomenclature and types of membrane
separation methods. Appropriate energy is required to separate things. Thus,
the nomenclature depends on the type of energy used. When primarily the
solvent passes through the membrane, the phenomenon is called the osmotic
phenomenon, whereas, when the solute passes, it is called the dialytic
phenomenon. For example, the permeation phenomenon, in which the
concentration differential, a form of chemical energy, is used as a driving
force primarily to pass the solute, is called osmosis. As shown in Table 1.1,
the permeation phenomena, in which electric energy is used with electric
potential as a driving force, are called electro-osmosis and electrodialysis,
respectively. Similarly, the permeation phenomena using dynamic energy are
called pressure osmosis and pressure dialysis (reverse osmosis,
ultrafiltration, microfiltration).

In Table 1.2 the membrane processes, which are considered commercially
important, are summarized.

2. Demand

According to the recent statistics of membrane usage, the total sales is

¥65 billion, of which ¥40 billion is for dialysis membranes, ¥15 billion is
for microfilters, ¥3 billion is for ultrafilters, and ¥3 billion is for ion
exchange membranes. For the United States the prediction is, as shown in
Table 2.1, $1 billion or approximately ¥130 billion for 1986.
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Table 1.1 Drive Energy and Dialysis/Osmosis

Intermediate osmosis

Dialysis (Most single entry-
Driving force Energy (Dual entry-type) type)
Pressure difference Dynamic Pressure dialysis Pressure
(Centrifugal force) osmosis
(Reverse
osmosis,
ultafiltra-
tion, micro-
filtration)
Gas dif- Gas osmosis
fusion
Temperature difference Thermal Thermal dialysis Osmotic  Thermal
Dialytic evapora- osmosis
evaporationf tion”
Potential difference Electric Electrodialysis Electro-
osmosis
Concentration Chemical Dialysis Osmosis
difference Gas dialysis
Chemical bond Chemical Chemical dialysis™ Chemical
osmosis™
Optical Optical dialysis** Optical
osmosis™”

* These are also called pervaporation, or membrane distillation. The trend
is to use the general term of permeation evaporation for all of them.
**These are not official names.

3. Need To Standardize Membranes Used in Pure Water Production

The introduction to the "JIS Draft Survey Preparation Report on Membranes for
Pure Water Production" in FY86 is as follows.

Recently, in Japan, the leading industries such as semiconductors,
pharmaceuticals, and atomic energy, have been using a large amount of purified
water, the so-called pure water. Water treated to high purity with filter
membranes is called super-pure water. For instance, in the production of
semiconductors, the usage of super-pure water is 1.2 tons per 6-inch wafer.
On the super-pure water market basis, in FY75 the usage of super-pure water
for semiconductors was approximately 30 million tons and it was predicted to
increase in FY90 to approximately 130 million tons. In the medical and
pharmaceutical industries, it is estimated that nearly 5 million tons of
super-pure water processed with ultrafilters and reverse osmotic membranes
only, and, with the addition of sterile water processed with microfilters,
over 10 million tons of the total membrane-filtered water is being used
primarily for cleaning. Also, in the nuclear power plant area, large capacity
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Table 1.2 Membrane Separation Processes

Separa- . Passing substances
tion Concept Driving force Application fields
method Residual substances
Micro- Supply Vat 10~100 kPa Water and solutes Production of %ndustrial superpure
filtra- Bagle | _kater | Pressure - water; production of clean water;
tion . difference Suspended particles clean filtration of wine, beer, and
Microporous (silica, bacteria); vinegar; removal of particles, virus,
membrane particle size varies and bacteria from drug solution
~ Production of industrial superpure water;
50~1000 kPa
Pressure production of clean water; separation of oil-
Ultra- difference water mixtures; paint recovery in paint indus-
filtra- try; recovery of proteins from waste in dairy
tion Supply Concentrated Water and salt and meat processing plants; concentration of
matter liquid and dehydration of egg albumin in dairy
- ‘m' — Bacteria and colloidal industry; concentration and purification of
- .
1 C regatin enzymes and hormones; treatment of drug solutions;
Water po.ymers lsegreg 9 . . . . e
Ultrafil- molecular weight (varies) igolation of blood protein; slean_fxltrafxon of
tration . all kinds; recovery of adhesives in textile
membrane industry, effluent treatment in textile, paper,
and pulp industries
Supply 0.5~6 MPa Desslination of ses water or walt watar; dehy
Reverse Oftsalt Concentrated Pl:essure Wat and milk); production of instant coffee;
osmosi water matter |difference ater concentration of dietetic food products;
is - — All suspended matters softening of boiler water; production of indus-
Ti;ter and solutes trial deionized water; recovery of useful com-
Semipermeable ponents in dairy and sugar industries; effluent
membrane ::::::::: i: z:tzzipulp industry; waste water
. ) Suppl Clean Concentration Tons and low molecular Artificial kidney and other medical areas
Dialysis PPy stream |gradient weight organic matter separation of high and low molecular
— g - :_’ Molecular suspended matter jweight matter in chemical, textile,
Impurity Dialysatp supply with molecular weight pharmaceutical, and food industries
dialysis membrane greater than 1,000
Supply Dilute gas Static pressure G 4 st Industrial oxygen enrichment; industrial
Gaseous — —_ difference; as and steam nitrogen enrichment; medical oxygen
separa- . — concentration Gas and vapor, which cannot |enrichment; separation of methane and
tion Sem;perme ble Eg:g:g' gradient readily permeate membrane ca{bonldioxide: recoverx of helium from
membrane natyral gas; recovery of rare gases in
g3s nuclear Industry
Permea- Solution Concentration Substances readily soluble |Separation of co-boiling mixtures such
tion Supply gradient (reduced [in membrane as alcohol-water; production of pure
vapori- — — pressure one sidelf; - water; recovery of valuable components
zazion y q?ﬁfe“- steam pressure ::?:;;:c;: ::;b::::‘ly frgmti:d:st;iaﬁ effluent; concentration
rated gas related to foo
Electro- Concentrated Electric poten- Concentration of sea water; production
dialysis matter Product |tial difference of alkalis; desalination of salt water;
y gradient Ions softening of industrial water; recovery
° ™ Polymeric materials; of ?artafic aciq from wine; treatment of
; ; various industrial effluent; recovery of
anion materials s : : :
heavy metal ions in plating industry;
Supply demineralization in pharmaceutical and

suqar_industries

filtration plants, such as the condensation system, have been operating since
1985, and the membrane-treated water volume in recycle systems in 1985 was
actually over 10 million tons and is estimated to reach 100 million tons in
In this way, all of the pure water production, filter membranes and
their devices are playing an important role.

1990.

The LSI production process in the semiconductor industry, the largest consumer
of water, uses super-pure water, which is made by combining the ion exchange
method and the separation by microfilters (MF films), ultrafilters (UF films),

and

reverse

osmotic

films

(RO films),

to

remove

chemicals and/or

microparticles remaining on the surface of wafers in the cleaning process

substances

exist

in

the

super-pure

involved in wafer fabrication, mask production, film forming photoengraving
processes, and etching processes.

If any ions, microparticles, and/or organic

water,
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multicrystalline film, and wiring in the wafer, and reduce the quality and
dependability of LSIs. Along with the higher integration of LSIs, the minimum
pattern of a chip, for the 1 M-bit DRAM about to enter into mass production,
is said to be 0.5 um, the size of microparticles allowed to be in super-pure
water is said to be approximately one-fifth of the chip’s smallest pattern.
Thus, increasingly high quality of water is required and the trend is to
create increasingly strict demands for the membrane’s performance.

On the other hand, in the pharmaceutical industry, Japan Pharmacopeia
specifies different types of process water as ordinary water, purified water,
sterile water, and distilled water for injection. In the industry, in
general, pure water is used as cleaning water in drug manufacturing processes,
and in hospitals, as the raw material for injections and eye drops, and for
culture water. Recently, due to the improvement of the membrane’s capability
and its economic advantage, the use of membrane-treated cleaning water has
increased. However, in Japan this water has not been approved for use in the
preparation of injections which demand the purest water. In the United States
reverse osmosis treated water has already been approved for use in the
preparation of injections. In this case, the most important specification for
use in pharmaceuticals is that materials must be sterile to prevent infection
by microbial contamination. In the case of the injection water, it must also
be free of pyrogens. Today, in Japan, vigorous examination through health
science research is being carried out both by the government and by the
private sector to confirm the safety of the membrane processing methods.

In the nuclear power industry, the required water quality is not essentially
different from that required by the ordinary thermal power plants. However,
to avoid problems of radioactivity accumulation the content standards
especially for electric conductivity and heavy metal ions are strict. As for
the application of membrane filtration in nuclear power plants, for the
boiling water reactor, using the condensation system, emphasis is on the
improvement of durability and the greater output of membranes used in
artificial dialysis; for example, the filtration device for the radioactive
effluent solution (at Kashiwazaki Nuclear Power Plant, Tokyo Electric Power
Co., Ltd.) and the condensate filtration device (Fukushima No 2 Nuclear Power
Plant, Tokyo Electric Power Co., Ltd.) are already in operation. For the
pressurized water reactor, membranes for cleaning the used fuel storage cool
water and for cleaning the primary cooling water, are in operation at Takahama
Nos 3 and 4 Nuclear Power Plants, Kansai Electric Power Co., Ltd.

as you can see, because of the development of the membrane technology and the
progress of pure water manufacturing systems, the usage of pure water in
various industries has remarkably increased, and, in turn, the administration
is faced with a challenge of new standardization. In July 1985 there was the
cabinet proposal to promote the standardization of leading industries such as
information, biotechnology, and new materials. In March 1986 the survey for
biotechnology standardization system was conducted. (The separation membranes
were included in the targets for JIS specifications.) Specifically, in June
1986, the Agency of Industrial Science and Technology, MITI, commissioned the
Japan Specifications Association Foundation, as a part of the attempt to
establish specifications for pure water, to prepare the new JIS draft for
three items for pure water production, including microfilters. In July 1986,
additional work was similarly commissioned to cover the new JIS draft
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preparation for terminology concerning the pure water production membranes.
The objective of the standardization is to try to rationalize production and
distribution, and to expand the market by promoting the clearly comprehended
JIS specifications through consensus of the producing and using industries as
a countermeasure for the lack of standardization in the capability evaluation
method and capability indications.

Japan Specifications Association Foundation established the JIS Draft
Preparation Committee for Pure Water Production Membranes by appointing
experts from industry, government, and academia, and its work has already
begun. This is the first attempt to establish JIS specifications in the pure
water membrane area. The committee work began first with goal-setting by free
discussion and examined the tentative main points of he JIS specifications.
At the same time, the survey of foreign specifications, particularly ASTM
specifications, and the questionnaire survey of membrane manufacturers
regarding structure and dimensions. In the second half the committee work
concentrated on the preparation of three basic JIS drafts for microfiltration
membranes, ultrafiltration membranes, and reverse osmotic membranes.
Standardization for the terminologies was led enthusiastically by the Third
Laboratory, AIST, of Tsukuba.

This report is a summary of the initial JIS draft and the rough draft of
terminology for pure water production membranes, which, as a leading
technology, will have a significant impact on the future progress of industry.
We were able to conclude the drafting work in a comparatively short period of
time, thanks to the active discussions and energetic efforts by the water-
treatment membrane users, in semiconductor, pharmaceutical, and nuclear power
industries, membrane manufacturers, and academic people of knowledge and
experience. The draft will be the standard for the future JIS establishment
for the pure water production membranes, which are the largest market of all
the separation membranes, as well as the reference report for the
standardization of membranes for other applications such as biotechnologies.

Committee members:

<Government>

MITI: Industrial Water Division (Industrial Location and Environmental
Protection Bureau), Chemical Products Division (Basic Industries
Bureau), and AIST (Standards Department, National Chemical Laboratory
for Industry, Research Institute for Polymers and Textiles, and
Industrial Products Research Institute)

<University>

Tokyo University, Yokohama National University, Meiji University, Japan
Industrial Water Association, and Water Production Promotion Center

<Users>

Semiconductor: Fujitsu, Ltd., NEC, and Hitachi, Ltd.
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Pharmaceutical: Takeda Chemical Industries, Ltd., Sankyo Co., Ltd.,
and Daiichi Seiyaku Co., Ltd.

Atomic energy: Toshiba Corp. and Mitsubishi Heavy Industries, Ltd.

Water treatment: Japan Organo Co., Ltd., Kurita Water Industries, Ltd.,
and Nomura Micro Co., Ltd.

<Manufacturer>

MF: Japan Millipore Co., Ltd., Nihon Pall Ltd., Fuji Photo Film Co.,
Ltd., and Toyo Filter Paper Co., Ltd.

UF: Asahi Chemical Industry Co., Ltd., Daicel Chemical Industries,
Ltd., and Nitto Electric Industrial Co., Ltd.

RO: Toray Industries, Inc., Du Pont Japan, Ltd., and Toyobo Co., Ltd.
5. Standardization Items:
1. Membrane terminology

2. Reverse osmotic (RO) membranes

Structure and dimensions of RO membranes for pure water production
Capability of RO membranes for pure water production

Test method for sodium chloride removal capability of RO membranes
Test method for magnesium sulfate removal capability of RO
membranes

Test method for microbe trapping capability of RO membranes

Test method for microparticle trapping capability of RO membranes
Test method for endotoxin trapping capability of RO membranes
Test method for isopropyl alcohol removal capability of RO
membranes

Test method for pressure resistivity of RO membranes

Test method for chemical resistivity of RO membranes

Test method for thermal resistivity of RO membranes
Standardization method of separation capability data of RO
membranes

3. Microfiltration (MF) membranes

Dimensions and structures of MF membranes for pure water
production

Capabilities of MF membranes for pure water production

Test method for initial flow of MF membranes

Test method for microbe trapping capability of MF membranes
Test method for microparticle trapping capability of MF membranes
Test method for pressure resistivity of MF membranes

Test method for thermal resistivity of MF membranes

Test method for chemical resistivity of MF membranes
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Test method for soluble components (organic matter) of MF
membranes

Test method for soluble components (biological safety) of MF
membranes -

Test method for soluble components (relative resistance recovery
capability) of MF membranes

Test method for soluble components (heavy metals) of MF membranes
Test method for soluble components (distillation residues) of MF
membranes

Test method for safety check (bubble point) of MF membranes

Test method for safety check (diffusion flux) of MF membranes

Ultrafiltration (UF membranes

Structure and dimensions of UF membranes for pure water production
Capabilities of UF membranes for pure water production

Measurement method of segregating molecular weight for UF

membranes

Test method for filtration capability of UF membranes

Test method for microparticle trapping capability of UF membranes
Test method for endotoxin trapping capability of UF membranes
Test method for solubility of UF membranes

Test method for relative resistance recovery capability of UF
membranes
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4., Structure of Committee

Table 4.1 JIS Draft Preparation Committee for Pure Water Production

Membranes
—— MF Subcommittee
Chairman: Haruhiko Oya, professor,
Yokohama National University
Secretary: Japan Millipore Co., Ltd.
UF Subcommittee
Chairman: Haruhiko Oya, professor,
Yokohama National University
Secretary: Nitto Electric Industrial
Co., Ltd.
Committee RO Subcommittee
Chairman: Hisashi Kimura, Chairman: Haruhiko Oya, professor,
professor, Yokohama National University
Tokyo University Secretary: Toray Industries, Inc.
Secretariat: Japan i
Specifications:
—1! Terminology Subcommittee
Association

Chairman: Tsutomu Nakagawa, professor,
Meiji University

Secretary: Chemical Engineering Research
Institute

Committee members:

<Government>

MITI:

Industrial Water Division (Industrial Location and Environmental
Protection Bureau), Chemical Products Division (Basic Industries
Bureau), and AIST (Standards Department, National Chemical Laboratory
for Industry, Research Institute for Polymers and Textiles, and
Industrial Products Research Institute)
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< University>

Tokyo University, Yokohama National University, Meiji University, Japan
Industrial Water Association, and Water Production Promotion Center

<Users>
Semiconductor: Fujitsu, Ltd., NEC, and Hitachi, Ltd.

Pharmaceutical: Takeda Chemical Industries, Ltd., Sankyo Co., Ltd., and
Daiichi Seiyaku Co., Ltd.

Atomic Energy: Toshiba Corp. and Mitsubishi Heavy Industries, Ltd.

Water treatment: Japan Organo Co., Ltd., Kurta Water Industries, Ltd.,
and Nomura Micro Co., Ltd.

<Manufacturer>

MF: Japan Millipore Co., Ltd., Nihon Pall Ltd., Fuji Photo film Co.,
Ltd., and Toyo Filter Paper Co., Ltd.

UF: Asahi Chemical Industry Co., Ltd., Daicel Chemical Industries,
Ltd., and Nitto Electric Industrial Co., Ltd.

RO: Toray Industries, Inc., Du Pont Japan, Ltd., and Toyobo Co., Ltd.

Table 5.1 Standardization Items
1. Membrane terminology

2. Reverse osmotic (RO membranes)

Structure and dimensions of RO membranes for pure water production
Capability of RO membranes for pure water production

Test method for sodium chloride removal capability of RO membranes
Test method for magnesium sulfate removal capability of RO membranes
Test method for microbe trapping capability of RO membranes

Test method for microparticle trapping capability of RO membranes
Test method for endotoxin trapping capability of RO membranes

Test method for isopropyl alcohol removal capability of RO membranes
Test method for pressure resistivity of RO membranes

Test method for chemical resistivity of RO membranes

Test method for thermal resistivity of RO membranes

Standardization method of separation capability data of RO membranes

3. Microfiltration (MF) membranes

Dimension and structure of MF membranes for pure water production
Capabilities of MF membranes for pure water production

Test method for initial flow of MF membranes

Test method for microbe trapping capability of MF membranes
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Test method for microparticle trapping capability of MF membranes

Test method for pressure resistivity of MF membranes

Test method for thermal resistivity of MF membranes

Test method for chemical resistivity of MF membranes

Test method for soluble components (organic matter) of MF membranes
Test method for soluble components (biological safety) of MF membranes
Test method for soluble components (relative resistance recovery
capability) of MF membranes

Test method for soluble components (heavy metals) of MF membranes

Test method for soluble components (distillation residues) of MF
membranes

Test method for safety check (bubble point) of MF membranes

Test method for safety check (diffusion flux) of MF membranes

4, Filtration (UF) Membranes

Structure and dimensions of UF membranes for pure water production
Capabilities of UF membranes for pure water production

Measurement method of segregating molecular weight for UF membranes
Test method for filtration capability of UF membranes

Test method for microparticle trapping capability of MF membranes

Test method for endotoxin trapping capability of UF membranes

Test method for solubility of UF membranes

Test method for relative resistance recovery capability of UF membranes

COPYRIGHT: Kagaku Kogyo Nipposha 1

13382/9365

56

FOR OFFICIAL USE ONLY




FOR OFFICIAL USE ONLY

COMPUTERS

IBM Japan, Fujitsu Lock Horns in Battle for Computer Market
Marketing Strategy Reorientation

43067586 Tokyo NIKKAN KOGYO SHIMBUN in Japanese 5 May 88 p 12--FOR OFFICIAL
USE ONLY :

[Text] In 1982, IBM Japan (President Takehiko Shiina) suddenly introduced
a special agent sales system in place of its direct sales system, which
previously had been the basic sales policy of the corporation.

Computers have traditionally been sold by direct deals with their
manufacturers. IBM Japan in particular had obstinately adhered to the
direct sales system for a long period while other manufacturers in Japan
were successively adopting the special agent system. IBM Japan, whose
principal products are mainframe computers, felt the special agent system
would not offer any advantages either for the manufacturer or the users.

At that time, however, the trend in computer demand was rapidly shifting
from mainframes to medium/small machines and work stations using distributed
processing. From the advent of computers until 1979, IBM Corporation has
dominated the Japanese computer market. The reason why IBM Japan lost its
top position to Fujitsu that year can be attributed to a come-from-behind
victory for Fujitsu in the area of medium/small machines.

The motive force that enabled Fujitsu to garner the honor of becoming the
top manufacturer of medium/small machines lay in its agents who were under
special contract to it. These special agents--including individuals from
such listed firms as Fujitsu Business Systems, Tsuzuki Electrical Industry
and Daiko Electronic Communications--have made a major contribution to the
sale of Fujitsu computers. For this reason, IBM Japan could no longer stand
by without building a special agent network if it wanted to participate in
the distributed processing field. In the future, computer sales cannot rely
upon out-gunning the competition with a "heavy artillery policy," said
Takuma Yamamoto, who took office as the president of Fujitsu in June 1981.

This "heavy artillery policy" refers to a marketing strategy that emphasizes
mainframes as basic products. Although Fujitsu had already started to
stress the sales of medium/small machines, office computers and personal
computers [PCs] by introducing the special agent system, the basic position
of the firm was still based on the "heavy artillery policy." The new
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computer sales strategy was intended to correct and revitalize this
conventional sales strategy.

The criticism of the "heavy artillery policy," as stated by President
Yamamoto, a former military officer, was based on the idea that equal
efforts should be made to promote sales of medium/small machines, office
computers and PCs as well as mainframes. It was a drastic change in
computer strategy, and it came from watching the trends at an important
period in the development of computer demand.

Takuma Yamamoto and Takehiko Shiina are the presidents of computer
manufacturers representing Japan and the United States. One is a former
military officer with a firm character, while the other is a shrewd
businessman who studied at Keio University and in the United States.
Although they are men with different backgrounds, their perception and
actions in the period from 1981 to 1982 when the demand for computers was

restructured were identical.

Fujitsu's annual computer sales currently total ¥1.230 trillion (estimate
of settlement in March 1988), while the figure for IBM Japan is

¥1.0606 trillion (as of December 1987). The number of special agents for
the two firms, which has increased through the introduction of the special
agent system and the abandonment of the "heavy artillery policy," is 210 for
Fujitsu and 135 for IBM Japan. Fujitsu has 11,000 system engineers,
including the staff of affiliated firms, while IBM Japan has no more than
5,000.

Fujitsu's results in regard to both sales network and sales volume are
slightly better than those of IBM Japan. However, a simple juxtaposition
of figures does not offer a real comparison between them. Between these
firms lies the difference in the "business climates” of Japan and the United
States, including the breakdown of models sold and maintenance of the profit
ratio.

What we can see at present is that both companies’ sales of medium/small
machines, office computers and PCs associated with distributed processing
are increasing. The shares (based on value) of computer sales of the two
firms are as follows: IBM Japan’s share of mainframe models is about 32
percent, while the corresponding figure for Fujitsu is 22 percent. In the
area of medium size models, the figures are about 38 percent for Fujitsu and
11 percent for IBM Japan. It is especially notable that Fujitsu's sales of
office computers, which used to be low, are now excellent, rivaling those
of NEC Corp.

As to the share (based on the number of units) of PCs introduced by major
businesses, about 23 percent are from IBM Japan and 20 percent from Fujitsu
(both figures are industry estimates). This means that IBM PCs, which were
not noted by industry watchers at all, are now making inroads into Japanese
businesses. Both of these facts are examples showing that the development
of new strategies has successfully matched the trends of the times.
However, it should also be noted that as long as the strategies of the two
companies resemble or are identical to each other, there will be an even
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fiercer sales competition. The competition between IBM Japan and Fujitsu,
which used to be mainframes versus compatibles, has now entered the phase
of an all-out struggle in the areas of medium/small machines, office
computers and PCs.
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Figure. Transition of Computer Sales of IBM Japan and Fujitsu
COPYRIGHT: Nikkan Kogyo Shimbunsha 1988
Copyright Dispute Arbitration

43067586 Tokyo NIKKAN KOGYO SHIMBUN in Japanese 12 May 88 p 32--FOR OFFICIAL
USE ONLY

[Text] "This arbitration decision is a victory for all three parties--I1BM,
Fujitsu and the users of compatible machines." Robert (Manukin), the
arbitrator from the Arbitration Affairs Association (AAA), who settled the
computer copyright dispute between IBM and Fujitsu, explained the
significance of the arbitration in an interview with the Japanese press on
16 September 1987, the day following the arbitration decision. A victory
for users--this was the first time such a concept had been raised in the
entire history of this dispute. The copyright dispute between the two firms
was initiated by IBM, which submitted a claim to arbitration arguing that
in October 1985 Fujitsu had copied IBM software without authorization.
Since then, it was thought that strong arguments had developed concerning
copyright infringement and the range of copyright protection.

However, the AAA "did not try to determine the existence of an
infringement," according to Mr Manukin. This was based on the assessment
that it would not contribute to the solution of the problem between the two
firms to determine whether there was actually a copyright infringement or
not.
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The substance of the arbitration decision was, first, that IBM will provide
software information to Fujitsu, and, second, Fujitsu will pay compensation
for the software information received. By respecting IBM copyrights, by
assuring the development and maintenance of compatible machines, and,
consequently, by protecting the users of compatible machines this
arbitration resolved the dispute to the benefit of all three parties.

Immediately after the arbitration decision, President Yamamoto of Fujitsu
declared that it would be a "great asset to the developers of compatible
machines, releasing them from claims associated with intellectual property.”
For Fujitsu, which has asserted that "the mission of compatible machine
manufacturers is to respond to the requirements of most computer users for
equipment compatible with IBM products" (President Yamamoto), the AAA
arbitration ruling was an impeccable judgment, not only assuring the policy
of compatibility but also taking into consideration the benefit of users
as an important factor.

In October 1987, Fujitsu began to reorganize its software development
department. The development capacity of its Numazu factory, which is
devoted to the 0S (basic software) required for compatible machines, is now
increasing by 40 percent every year.

In addition, in 1988, Fujitsu decided to import and sell general-purpose
mainframe computers that are fully IBM-compatible PCMs (plug compatible
machines) from one of its U.S. affiliates. By extending the line of its
compatible machines through the introduction of the PCMs, Fujitsu is
attempting to acquire users it has not been able to capture with its own
machines. Both of these new measures are aimed at enhancing Fujitsu's
compatible machine strategy by taking advantage of the settlement of the IBM
copyright dispute that lasted for nearly 3 years.

Against such an "offensive" by Fujitsu, IBM has prepared a series of
counterattacks, asserting that, "the provision of the necessary information
for the development of compatible machines is only permitted within the
bounds of the security and facility system controlled by third-party experts
and arbitrators. Considering the fact that copying is not permitted, the
development of compatible machines after the arbitration has now become more
difficult" (IBM Japan).

The first counterattack was the "Fujitsu-IBM Translator" sold in Japan and
Australia, where the numbers of Fujitsu users are most important. This
software program allows application software developed for Fujitsu computers
to be executed on IBM machines. It is one of the trump cards for converting
Fujitsu computer users to IBM machines.

The second counterattack was a new OS architecture called ESA/370
(Enterprise System Architecture) released in February 1988. 1In the short
run, this allows the use of software programs for the management of data in
external storage devices. It will undoubtedly be the basis of IBM's
mainframe machine strategy in the nineties.
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IBM’'s statement to Fujitsu was: "This system is an original and unique
invention" (according to Nobuo Mitsui, executive director of IBM Japan).
These words are based on the language of the AAA arbitration, which
specified that "original and unique software is not subject to the charged
information provision."

IBM's share of the international general-purpose computer market, which has
a total value of about ¥4 trillion, is about 60 percent, while Fujitsu'’s
share is 10 percent, in second position. While the shares of non-IBM
compatible machine manufacturers are decreasing, the markets and users of
IBM and IBM-compatible machine manufacturers, including Fujitsu, are
steadily increasing.

The IBM-Fujitsu copyright dispute and the AAA arbitration occurred under
these circumstances. Regardless of whether ESA/370 is an original and
unique invention or not, the struggle between the two "giants" and its
outcome can no longer be evaluated without consideration of the users, or
the influence it exerts on the users, as indicated in the AAA arbitration.
COPYRIGHT: Nikkan Kogyo Shimbunsha 1988

20157/9365
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FACTORY AUTOMATION, ROBOTICS

Use Survey, Types, Status of Robot Sensing Technologies
Robot Sensor Use Survey
43064047 Tokyo OHTOMESHON in Japanese Apr 88 pp 10-13--FOR OFFICIAL USE ONLY

[Article by Yoshikawa Masanori, Tokyo Institute of Technology: "Problems
in Standardizing Industrial Robot Sensors"]

[Text] Visual, tactile, and other sensors must be developed in order to
achieve sophisticated and multifunctional industrial robots. Some robot
manufacturers have off-the-shelf items that provide these sensors, but in
most cases, previously purchased universal sensors are used.

This article reports on the results of the survey we conducted on the actual
use of these sensors and on our systematization of these results with a view
to establishing standardization guidelines. This article is based on the
FY 1986 Report on the Work of Promoting the Standardization of Industrial
Robots (Surveys and Research on the Standardization of Industrial Robot

Sensors).

Role of Sensors in Robots

Figure 1 shows the result of an analysis of the robot system to clarify the
role of sensors. External sensors sense, detect, and recognize information
concerning the object, the computer makes a decision based on that
information, and the actuator operates. Meanwhile, internal sensors control
the position and power of the robot itself.

Thus, the roles of sensors used for robots include:

(1) Information collection, 'such as sensing, detection, and
recognition of an object

(2) 1Internal supervision and control of the robot
(3) Transfer of information between man and robot

Table 1 shows JIS terminologies concerning robot sensors.
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Figure 1. Robot System
Table 1. Definitions Prescribed by Industrial Robot Terminologies
(JIS B 0134-1979
English equivalent
Terminology Meaning (for reference)
Shokkaku Sense of touch between the robot tactile sense;
and the object sense of touch
Akkaku Sense of force the robot sense of contact
registers in a vertical direction force
in regard to surface contact
between the robot and the object
Rikikaku Sense of force concerning the inner force sense
operation of the robot
Shikaku Sense of external optical infor-  visual sense
mation
Chokaku Sense of external acoustical acoustic sense;
information ' sense of hearing
Kinsetsukaku Sense by which to detect that the sense of proximity

Kankaku seigyo

robot and object have approached
within a certain range

Control of robot operation by
sensory information

sensory control
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The robot system, unlike the instrumentation control system of the past,
requires the patterning and processing of large quantities of information
coming in from the sensor. It differs from other systems in that the
objects of observation by the robot are diverse and the method of
observation includes software designed to solve problems.

The necessary functions of robot sensors are diverse; they include
recognition and identification of shape, symbols, color, relative
brightness, and voice, indicated in Table 2. How well these sensors can be
used is important for the development and utilization of robots.

Table 2. Senses of Robots
Type of sense Function and purpose

Visual sense » Recognition of shape, symbols, color, etc.
» Recognition of defective parts
» Recognition of position

Acoustic sense » Recognition of voice
+ Sensing, detection, and recognition of abnormal
sound, etc.
» Recognition of position

Tactile sense » Recognition of shape
» Recognition of surface condition
» Recognition of hardness, etc.
o Detection of temperature of object (noncontact
case included)

Olfactory sense + Sensing, detection, and recognition of ambient
gas, etc.

« Presence of abnormal gas

Static sense ' + Control of balance of robot itself

Factfinding Survey on Sensors

A questionnaire survey for manufacturers and users who are members of the
Japan Industrial Robot Manufacturers Association was conducted to ascertain
how sensors are used in industrial robots. Separate tabulations were made
of the responses of manufacturers (61 companies) and users (23 companies).

For both manufacturers and users, numerical control robots and playback
robots account for the majority of robots developed and used in the past,
as indicated in Table 3. The number of sensory control robots has gradually
increased, and they now represent about one-third of numerical control
robots. As for adaptive control robots and learning control robots, few
seem to have been produced. The fact that the robots in use by both
manufacturers and wusers exhibit much the same trend shows that the
relationship between demand and supply is proceeding in a well-balanced
manner.
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Table 3. Types of Robot

Robot classification Manufacturers Users
(1) Operating robot 2 0
(2) Sequence robot 3 1
(3) Playback robot 29 11
(4) Numerical control robot 30 8
(5) Sensory control robot 10 4
(6) Adaptive control robot 1 0
(7) Learning control robot 0 1
Table 4. Applications of Robots

Application Manufacturers Users
A-1 Casting 3 0
A-2 Diecasting 3 0
A-3 Resin molding 3 0
A-4 Heat treatment 1 0
A-5 Forging 2 1
A-6 Pressing 6 1
A-7 Welding 7 1
A-7-1 Arc welding 13 0
A-7-2 Spot welding 3 0
A-7-3 Gas welding 0 0
A-8 Painting 2 0
A-9 Plating 0 0
A-10 Cutting and grinding 5 1
A-10-1 Cutting and grinding (including 9 1

polishing and deburring)
A-11 Assembly 15 4
A-11-1 Inserter/mounter 17 4
A-11-2  Bonder 1 3
A-11-3  Sealing 14 2
A-11-4 Other assembly work 22 9
A-12 Handling of incoming and 9 0
outgoing goods

A-13 Inspection/measurement 11 3
A-14 Other 6 3
B-1 Offshore development 0 0
B-2 Atomic energy 5 1
B-3 Construction/mining 1 3
B-4 Other 1 0

*Figures do not agree with total because details are not available.

When considering the use of robots, it is necessary to distinguish between
applications to manufacturing industries and those to nonmanufacturing
industries. Most robots are used in manufacturing industries,
indicated in Table &, they are used mostly for assembly work and the
handling of incoming and outgoing goods.
applications are inspection and measurement, casting, diecasting, and resin
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molding in the molding industry, and pressing. These robots mainly use
visual sensors, indicating the importance of visual sensors.

The answers obtained concerning the types of sensors used for robot systems,
the purposes of their use and the present status of their performance, shown
in Tables 5-8 (pp 14-20) [not reproduced], are interesting.

The sensors mounted on robots can be divided into internal sensors and
external sensors. Of the internal sensors, the position sensor is an
encoder or a limit switch, the speed sensor is a tachnogenerator and the
attitude sensor is often an inclination sensor. Of the external sensors,
the visual sensor is an ITV camera or an Si-CCD, the tactile sensor is a
limit switch or a microswitch, the contact force sensor is one that uses
conductive rubber, the proximity sense sensor is a proximity switch or a
photoelectric switch and the distance sense sensor is an ultrasonic sensor
or an optical sensor.

What Must Be Done To Promote Standardization

Table 9 consolidates the responses as to the degree of necessity of
standardizing robot sensors, while Table 10 provides typical opinions on
standardization not included in Table 9. Quite a few opinions acknowledge
the necessity of standardizing interfaces.

Table 9. Necessity of Standardizing Robot Sensors

Manufacturers Users
Item a b c d a b c d
1) Types of classification 9 42 8 1 6 15 1 0
of sensors
2) Sensor terminologies 17 39 4 0 8 14 0 0
3) Sensor symbols 22 34 4 0 6 16 1 0
4) How to indicate sensor 23 35 3 0 12 11 0 0
performance
5) How to test sensor 23 34 4 0 8 15 0 0
performance

In the table, a, b, ¢, and d show: a: urgently necessary; b: necessary
sooner or later; c: not necessary; and d: should not be done.

To robot users, the standardization of robot sensors would be convenient for
reasons of interchangeability in case of sensor breakdown, and moreover,
could result in cost reduction by the effect of mass production. Cost
reduction is desirable not only to robot users but to robot manufacturers
as well. Standardization also helps technological progress.

In these circumstances, the following standardization of robot sensors is
deemed necessary:
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Table 10. Opinions on Standardization

Necessary It is necessary to standardize sensor interfaces (wiring, -
data formats, etc.) ‘ ,

It is necessary to standardize data volume in connection
with the transmission and reception of data in visual
sensor robots

It is necessary to set standards for detection performance
from the standpoint of safety of the robot

It is necessary to unify the indication of basic
terminologies and functions (performance)

Standardizing wire terminal connectors is desirable from
the standpoint of maintenance :

Interchangeability between products by different
manufacturers cannot be achieved unless signals from
sensors are standardized S

Necessity is Since robot functions are now being improved and the work
questionable . in which robots are used is expanding, I see no need to
‘ standardize sensors

Standardization may suppress the development of robot
technologies that are still immature

Standardization will dampen the efforts of smaller
manufacturers because the larger manufacturers are likely
to take the initiative in standardizing

(1) Basic terminologies concerning robot sensors: It is hoped that these
will be consolidated and unified systematically. Different manufacturers
and users use different terminologies, but basic terminologies, at least,
can and must be unified.

(2) It is hoped that the performances of robot sensors will be clearly
defined by classification of their functions, and the basic characteristics
of each sensor will thereby be standardized.

(3) Standardization of the interface between the output side of the robot
sensor and the input side of the signal processor is strongly desired.

However, there are various problems that must be solved in order to push
standardization. The standardization of robot sensors might deter
technological progress. If, for instance, fitting methods were unified in
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standardizing robot visual sensor, it could impede miniaturization by
technological advancement.

Caution must be exercised lest the standardization of basic characteristics
have the adverse effect of deterring the progress of technological research
and development. Besides, standardization might necessitate the
modification of robot designs.

Our factfinding survey on robot sensors, in which we collected opinions on
their standardization, revealed that the majority of answers supported
standardization as necessary. In particular, many stated the necessity of
conducting studies to standardize sensor terminologies, basic
characteristics and interfaces. Regarding the time of standardization,
however, some favored prompt action while others counselled caution as to
timing. It is therefore viewed as desirable for robot sensors to be
standardized gradually.

This article is based on the Surveys and Research on the Standardization of
Industrial Robot Sensors which was conducted by the Special Committee for
Research on the Standardization of Industrial Robot Sensors (chairman: the
author) created by the Japan Industrial Robot Manufacturers Association and
composed of men of learning and experience and robot manufacturers and
users.

COPYRIGHT: Automation 1988
Visual Sensing
43064047 Tokyo OHTOMESHON in Japanese Apr 88 pp 21-29--FOR OFFICIAL USE ONLY

[Article by Hidehiko Takano, Government Mechanical Engineering Laboratory:
"Visual Technology in Factory Automation"]

[Text] Present Status of Image Application Technology

So-called image application technology, comprised of pattern recognition,
remote sensing, medical image processing and scene analysis, will be used
for many purposes. Its presently conceived uses as a sensing technology
include not only defect detection, detection of surface flaws, screening and
parts recognition, but also measurement of cutting tool abrasion and
measurement of internal defects in materials.

Let us consider technologies supporting image processing from the standpoint
of hardware and software. From the aspect of hardware, conditions have been
greatly improved due to the recent development of IC technology that has
facilitated the securing of large quantities of image memory, which was
formerly restrained by cost, and to the progress of image information
parallel processing technology as a result of the pipeline formula. But
from the standpoint of software, progress is rather slow. Furthermore, the
need has presently outstripped the technology, although image processing
has many potential applications.
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Image Processing Procedure

Image processing follows the procedure illustrated in Figure 1. It can be

divided into four parts: image making, image processing, pattern
recognition, and knowledge base. a) Image making is the step up to the
securing of image information from the object. b) Image processing

comprises preliminary processing such as noise elimination and image
enhancement, and processing such as characteristic extraction. c¢) Pattern
recognition comprises characteristic description, measurement and pattern
matching. And d) knowledge base is the step to make effective use of
knowledge, such as the rule of thumb, learning, and inference.

Sensor
visualizing

. Image
Object ormation

Preliminary processing,
image enhancement
Characteristic extraction
Image formation, display
Image

processin

Characteristic descrip-
tion, measurement

Matching (classification)
Understanding

Pattern
recognition

Learning, inference,
artificial intelligence

Knowledge
base

Figure 1. Image Processing

Of these processes, everything from preliminary processing to pattern
matching has partially become hardware, but the processes depend largely on
software. Also, the introduction of a knowledge base is an important task
yet to be accomplished.

Recent Research Trends Ascertained From Papers

Using INSPEC as a database for document retrieval, we conducted a survey on
five areas: 1) image processing as a whole, 2) inspection,

3) recognition, 4) assembly, and 5) conveyance. In providing document
retrieval, how to set key words is most important. Figure 2 shows the
number of documents retrieved each fiscal year for image processing as a
whole. It indicates that the number of documents increased each year.

Figure 4 is a graph showing for each fiscal year the change in the
proportion represented by "documents concerning real-time image processing
aimed at automation (shown with a solid line)," "documents concerning real-
time image processing using artificial intelligence (broken line)" and
"documents concerning real-time image processing wusing artificial
intelligence and aimed at automation (dotted line)" among the "documents
concerning image processing" obtained by document retrieval. From this, it
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can be seen that documents concerning real-time processing were few, and
that the proportion represented by those concerning "automation" among the
documents concerning image processing was only 0.52~0.27 percent. And the
proportion of those concerning "artificial intelligence and automation" was
extremely small, 0.05~0.1 percent, namely, one out of every 1,000~2,000.
This means that the present level of image processing technology is too low
to be applicable to real-time processing and automation. In particular, the
instances in which artificial intelligence is applied to automation are
practically nonexistent. This trend is true for all 3 years concerned.
However, research on applying image technology to automation has been

accelerated during the past several years.
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Figure 3 shows the number of documents retrieved in the areas of inspection,
recognition, assembly, and conveyance. This result indicates that in image
technology, the order of advancement in research is: recognition-
inspection-assembly-conveyance. This is generally as expected.

Image Processing Technology for Factory Automation
The applications of image processing technology to automation line include
product defect inspection, sorting/classification, preassembly and assembly

work. For application to these types of work, it is absolutely necessary
that processing be simple and brief and that the cost of equipment be low.

Table 1. Image Application Technologies

Work Measurement information Measuring systems
Defect Fixed shape » Template matching
inspection + Expansion and contraction

» Projection value

Sorting and Variable shape and size » Window
classification e Area, circumference,
circumference:area ratio
« Shape eigenvalue

Variable shape, size and + Projection characteristic
attitude e Geometric moment
+ Differentiation

Preassembly Fixed shape, position, and + Partial matching
attitude ‘
Assembly Size, position, and attitude ¢ Standard mark setting

Variable, shape, position, « Slit pattern'
size, and attitude + Laser spot
: » Corner tracing
